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FOREWORD

This report was prepared in the Components Braach (APTC), Turbine
Engine Division, Air Force Aero Propuision Laboratory, Wright-Patterson
Alr Force Base, Chio, under Project 3066, ‘““Gas Turbine Technology,’’ Task
306€03, ‘“Advapced Engine Studies,’’ with Charles E, Bentzas Project Englnesr,

This report covers work conducted within the Components Branch in the
time period between July 1965 and June 1968,

This technical report has been reviewed and is approved,

fRNEST CflMPS;g

Chief, Turbine Engine Division
Air Force Aero Propulsion Laboratory
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ABSTRACT

This report describes a digital computer program titled CARPET. CARPET
is a computer program that calculates parametric turbojet/turbofan engine
performance, It can also analyze the performance of a specific engine, The
program is written in Fortran IV language and was designed for use on an
IBM 7090 Digital Computer, Included in the report are listings of the com-
plete program, various sample input data, and the corresponding output,
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SECTION 1
GENERAL DISCUSSION

The CARPET Deck is a computer program that simulates a basic param-
etric turbojet or turbofan. K can also be used to analyze the performance of

a specific engine at discrste operating points if the total sirfiow is input along
with the comuonent charscteristica of the engine,

This program is written in FORTRAN IV and requires no special routines
or setups, NAMELIST Input Is used to input data since it retains input vaiues
from case to casc unless specifically changed in a particular data case, This

eliminates continuously inputting parameters thaet do not change from case to
oase,

Provisions are included for a title which prints at the top of each page,
The output format prints one data case per page within an 8 1/2 x 11 inch ares
with sufficient room for margins,

Since this program is not & component balancing program, a component
performance map is not required.
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SECTION T

HOW TO USE CARPET

Time Estimate: Icad Time 45 Secowds
Run Time 0.5 Seconde/Data Case

Line Estimaste: 55 Lines Per Data Case

NAMELIST Ihpid: Al of the data cards must start in Columsn 2 or beyond,
To start a data cass, punch $INPUT in Columnsz 2 -~ 7, then skip a space and
continue by punching the input paramster names and the walue you wish them
to be equal to. Finish that data caseby punching 2 $ - sign immediately following
the last value in that data case. The program then exccutes that data case and
comes back to the data cards for the next case,

The advantage of this input technique is that the program
will uss values from the preceding point umless aspecifically changed in ths data
case that follows. (See Example 1, Setup of CARPET Deck.)

Behind the last data csse & card with SE@F punched in
Columns 1 -~ 4 must be inserted to end the rumn,

Title Card: Provisions have been included fe read a titie card which is
printed at the top of each ouiput printout. To read a title card, set ITITLE =1
in the NAMELIST data cass to which the title applies. The program then reads
Columns 1 - 66 of the first card following that data case as the title, Since the
program automatically sets ITITLE = 0 after a titls bas been read, ITITLE has
to be set = 1 only when a new title is desired.
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SECTION I
DISCUSSION OF ROUTINES

CARPET: This is the main program and containg all of the normal
input and output siatements. K also contains all of the logic necessary to simau-
late a basic parametric turbojet or turbofan, Straight-through programming is
used which makes following program logic quite easy.

Subroutine required: DSDRIV

This subroutine is set wp fo run “Design Derivatives’ of a base case,
Basically, this routins automatically varies dssignated engine input param-
eters by either a + psercent or a + increment. In addition o doing this awto-
atically, this routine prints a subtitle desiganating ths base case and each of the
derivative cases inclwling the increment and psrcent of chenge for thst partic-
ular parametar, Printed at the bottom of the output are the ratios SFC/(SCF
and FN/(FN

BASE/
BASE)

Data setup is as follows:

a. Sot IDEL =1 in the base case,

b. Also set ITITLE =1 and include title card immediataly after base case
if desired.

¢. Next sequence on data cards the parameters desirved to be varied in
Col, 1 - 6, the type of variance in Col. 11 - 16 (percent change ~ PERCNT or
increment change - DELTA), and the wvalus of the variance im Col, 21 - 30
(Note: 0,01 = 14), ¥ s variation in only one direction (+ or -) is desired, follow
then with the direction indicator in Col, 21 - 36 (PLUS or MINUS),

d. After the last parameter varying card, a card must follow with GO@N
punched in Col, 1 - 4,

NOTE: The parameters to be varied must appear in the name common PARAM.,

Successive data cases will be run with the same design derivatives unless
IDEL is set = 0,

&
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RAM:

Routine for calculating Mil, Spec. 5008B ram recovery,

[

Calling sequence:

CALL RAM (AM, ETAR)

AM - Flight Mach Number

ETAR ~ Ram Recovery

C@MP:

Routine for calculating compressor or fan exit thermodynamic conditions,

Calling sequence:

PR -~ Compressor Pressure Ratio
ETA ~ Compressor Adiabatic Efficiency

PI, P@ - Total Pressures Into and Out of Compressor
{Units In Atmospheres)

TI, T@ - Total Temperatures Into and Out of Compressor

SI, S¢ - Entropy |
HI, H@ - Enthalpy |
IER -~ Error Indicator,

0 = No Error

1 = Error In Entropy Balance

Subroutines Required: THERM®@, PRACIM,
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C@MR:

Routine for calculating combustor and duct-burner thermodynamic exit
conditions,

Calling ssquence:

CALL COMB (1, T@, Hl, ETA, DPB, P@, H®, S$, FARG, HV)

PI1, PO ~ Combustor Inlet and Exit Total
Pressures (Units In Atmospheres)
T® - Combustor Exit Total Temperature
HI, HP - Enthalpy
% ETA ~ Combustion Efficiency (i.e., Applied
to Heating Value of Fuel)
DPB - Total Pressure Drop Across Combustor
S@ - Entropy At Combustion Exit
FARQ - Combustor Exit Fuel to Air Ratio
HV - Heating Value of Fuel (JP~4)

Subroutines Required: THERM®, PRACEM, AFQUIR.
TURB:
Routine for calculating turbine thermodynamic exit conditions,
Calling sequence:

CALL TURB (PL HL Sl, FARL ETA, DHTI, P@, T@, H®, S@, IER)

PI, PQ ~ Turbine Inlet and Exit Total Pressures
(Units In Atmospheres)
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HI, HG - Enthalpy

S1, S9 ~ Entropy

FARI ~ Fuel to Air Ratio Into Turbine

ETA ~ Turbine Adiabatic Efficlency

DHTI - Total Enthalpy Change Acress Turbine
Per Pound of Mass Flow into Turbine

T@ - Turbine Exit Total Temperature

IER - Error Indicator

0 = No Error

1 = Error In Entropy Balance
Subroutines Required: THERM®, PROCOM.
ABFIRE;

Routine for calculating «fterburner thermodynamic exit conditions,

Calling sequence:

CALL ABFIRE (PL T@, HL FARI ETA, DPB, WGI, WFI, P@, H®, S@,
FAR®, WF, WGT, WFT, HV)

Pl P® ~ A/B Inlet and Exit Total Pressures
(Units In Atmospheres)

T@ - A/B Exit Total Temperature

HI, HO - Enthalpy

FARI, FAR® - A/B Inlet and Exit Fuel to Air Ratios

ETA - A/B Combustion Efficiency (i.e.,
Applied to Heating Value of Fuel)

DPB - Total Pressure Drop Across Afterburner

‘M w‘ Ji L
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WGL WGT - A/B Inlet and Exit Mass Flows
WFI, WF, WFT - Main Combustor, A/B, and Total
Fuel Flows at A/B Station
s@ - A/B Exit Entropy
nv - Heating Value of Fuel (JP~4)

subroutines Required: THERM®@, PROCOM, AFQUIR,
N@Z:
Routine for calculating fully expanded, isentropic nozzle conditions,

CALL NOZ (@, PTI, TTI, STI, FARL TS®, HS@)

PI -~ Ambient Pressure to Which Mass
Flow Expands (Units In Atmospheres)

PTI -~ Total Pressure Into Nozzie (Units
in Atmospheres)

TTI -~ Total Temperature Into Nozzle

STI ~ Total Entropy Into Nozzle

FARI - Total Fuel to Air Ratio Into Nozzle

TS®, HSO

Static Temperature and Enthalpy
Cut of Nozzle

Subroutines Required: THERM®, PRECOM,
ATMGS:
Routine that simulates 1962 U,S, Standard Atmosphere.

See program listing for calling sequence and definitions of parameters.
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PRGCPM:

Routine that calculates the thermodynamic properties of air and fuel/air
mixtures, Range of temperatures is 300 - 4000°R, Range of fuel/air ratio is
0 ~ 0,067623 (Stoichjomstric), Dissociation is not accounted for in this routine,

Calling sequence:

CALL PRGCEM (FAR, T, CS, AK, CP, R, PHIL, H)

FAR - Fuel to Alr Ratio

T ~ Temperature

Cs - Speed of Sound

AK ~ Ratio of Specific Heats (GAMMA)
CP - Specific Heat At Constant Pressure
R - Gas Constant

PHI - ¢

H -~ Enthalpy

THERM@:

Routine that adds more flexibility in using PRACHM,
Calling sequence:
CALL THERM® (® H, T, S, AM, L, FAR, K) '

P -~ Pressure In Atmospheres
H ~ Enthalpy

T - Temperature

3 - Entropy

AM - Molecular Weight of Mass
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L ~ Fusl to Air Ratio Indicator
9 = 100% Alr
1 = Fuel to Alr Ratic = FAR
FAR - Fuel to Air Ratio
K ~ Indicates Solution Desired for T or S
0= Find H for Injput T
1 = Find T for Input H

Subroutine Required: PR@GCEM,
AFQUIR:

Air Force Quadratic Interpolation Routine., This routine sets up a quadratic
equation and coverages om a solution using Newton’s method of solving equa-

tions.

Sece program listing for calling sequence and definitions of parameters,
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SYMEOL
ALTP
AM

ETAR

DELTO

p2

PRES

WAENG

BPR

cv

DPD

DPFH

DPC

PRFT

PRFH

SECTION IV

INPUT PARAMETERS

INITIAL VALUE

0.0

10

DESCRIPTION

Altitude
Flight Mach No.
Ram Recovery

= 0.0, calculates Mil Spec.,
otherwise uses value input

Change in ambient temp from
1962 atmosphere

Ergine face pressure in
atmospheres

Input only if different from
that calculated by ETAR

= 1.0 Prints output pressures
in atmospheres

= 14.696 Prints output pres-
sures in lbs/ sq inch

Total engine inlet airflow

Bypass ratio = duct flow/ core
flow

= 0.0, turbojet (i.e., no duct)

Nozzle velocity coefficient
= actual/ ideal velocity

Duct pressure loas, (P24-
P26)/ P24

Fan hub pressure loss,
(P21H - P21L)/ P21H

Inter-Compressor Pressure
Loss, (P22L - P22)/ P22L

Fan tip pressure ratio

Fan hub prescure ratio




AFAPL-TR-68-88

SYMBOL INITIAL VALUE DESCRIPTION .
PRLP 1.0 LP compressor pressure ratio ‘ ]
PRC 1.9 HP compressor pressure ratio *
LCSL 0.0 LP compressor seal leakage,

dumps into duct if turbofan or
overboard if turbojet

HCSL 0.0 HP compressor seal leakage,
dumps same as LCSL

ETAFT 1.0 Fan tip efficiency
ETAFH 1.0 Fan hub efficiency
ETALP 1.0 LP compressor efficiency
ETAC 1.0 HP compressor efficiency
ETATH 1.0 HP turbine efficiency

: ETATL 1.0 LP turbine efficiency
T4 .0 Combustor discharge tem-

perature (°R)

T17 0.0 A/ B combustor discharge
temperature (°R)

T27 0.0 Duct combustor discharge
temperature (°R)

DPT 0.0 Inter-turbine pressure loss,
(P5 - P51)/ P5

DPE 0.9 Tailpipe cold pressure loss,
(P56 - P§) " P56
j ETAB 1.0 Main combustion efficiency
; ETABAB 1.9 A/ B combustion efficiency
ETABFD 1.0 Duct combustion efficiency
| DPB 0.0 Main combustor pressure

loss, (P3 - P4)/P3

DPBAB 0.0 A/ B combustor hot pressure
loss, (P6 - P7)/Ps

DPBFD 0.0 Duct combustor hot pressure
loss, (P26 - P27)/ P26

11




i AFAPL-TR-68-88

SYMBOL INITIAL VALUE DESCRIPTION

PCBLNZ 0.0 Engine core nozzle cooling
flow ratio (to HP compressor
inlet flow)

PCBLOW 0.0 LP compressor bleed flow

ratio (to LP compressor
inlet flow). Lost to cycle.

PCBL@B ¢.0 HP compressor bleed flow
ratio (to HP compressor
inlet flow). Lost to cycle.

PCBLC 0.0 Turbine cooling bleed flow
ratio extracted from HP
compressor (to HP compres-
sor inlet flow)

PCBLT4 0.0 HP turbine inlet nozzle cool-
ing flow ratio (toc HP com-
pressor inlet flow)

PCBLHP 0.0 HP turbine exit cooling flow
ratio {to HP compressor inlet
flow).

HPEXT 0.0 Horsepower extracted from
HP turbine for accessory
drive

) ITITLE 0 = 1, card following data case
will be title card (Col. 1 - 66).
Program then sets = 0.

=0, no title card expected.
The last title card read will

be printed at top of output

2

. page

E, IDEL 0 Design "derivative" indicator.
(See discussion of routines:
DSDRIV)

'; IAFTBN 0 =0, no A/ B.

= 1, use input T7
Must be set = 1 for each A/ B
peint

IDBURN 0 = 0, no duct burning
= 1, use input T27
Must be set = 1 for each duct
burning point

Lhnsadil

TS

12
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SECTION V
STATION DESIGNATION
STATION NUMBER LOCATION

1 Ambient

2 Inlet exit/ engine face

Core:

21H Fan hub discharge

21L LP compressor inlet if PRLP is
greater than 1,0, otherwise HP
compressor inlet

22L LP compressor discharge

22 HP compressor inlet

3 HP compressor discharge

4 Main combustor discharge

41 HP turbine inlet

5 HP turbine discharge before cooling
flow has been added

51 LP turbine inlet

55 LP turbine discharge before cooling
flow has been added

56 LP turbine discharge including cool-
ing flow effects

6 A/ B combustor inlet

7 A/ B combustor discharge

8 Engine core nozzle inlet

9 Engine core nozzle discharge (Isen-
tropic expansion to P1)

Duct:

24 Fan tip discharge

13
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STATION NUMBER

26

27

28

29

LOCATICN

Duct burner inlet
Duct burner discharge
Duct nozzle inlet

Duct rozzle discharge (Isentiropic
expansion to P1)
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SECTION Vi
OUTPUT PARAMETERS

Besides most of the input parameters being output, the following parameters
are also output.

SYMBOL UNITS DESCRIPTION

VA fps Flight velocity

CS fps Ambfent speed of sound

PCBLLP - LP turbine exit cooling flow
ratic (to HP compressor inlet
flow)

NOTE: PCBLC = PCBLT4 + PCBLHP +

PCBLLP

PROA -— Overall core compression
ratio, (P3/ P2)

WA-- #/ sec Airflow rate (number designates
location)

BLCSL #/ sec LP compressor seal leakage
flow rate

BHCSL #/ sec HP compressor seal leakage
flow rate

P- Atmospheres Total pressure (number desig~

or psi nates location)

T- °R Total temperature (number
designates location)

PRTH -— HP turbine pressure ratio,
(P41/ P5)

PRTL - LP turbine pressure ratio,
(P51/ P55)

BLN@ Z #/ sec Engine core nozzle cooling
flow

V9, V29 fps Nczzle exit velocities (Isen-

tropic expansion to P1)

HV Main combustor fuel heating
value at T4 for JP-4

16
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SYMBOL

HV7, HV27

FN/ WA

THGY

THG29

ETAP

H-

TS8, TS29

HS9, HS29

BLGW

BL@B

BLC

BLT4

BLHP

BLLP

WG-

FAR-~

]
A
-3
7]

BTU/ # Mass
0

R

BTU/ # Mass

#/ sec

#/ sec

#/ sec

#/ sec

#/ sec

#/ sec

#/ sec

NOTE:

17

DESCRIPTION

A/ B and duct burner fuel
beating values at their
respective temperatures for
JP-4

Net thrust/ total engine airflow

Core gross thrust per pound
total airflow

Duct gross thrust per pound
total airflow

Propuision Efficiency

Total enthalpy (number desig-
nates location)

Static temperature at nozzle
exits

Static enthalpy at nozzle exits

LP compressor bleed fliow
lost to cycle

HP compressor bleed flow
lost to cycle

HP compressor bleed flow
for turbine cooling

HP turbine inlet nozzle
cooling flow

HP turbine discharge cooling
flow

LP turbine discharge cooling
fic~

BLC = BL.T4 + BLHP + BLLP

Mass flow rate (includes fuel
flow)

Fuel flow/ airflow (number
designates location)
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SYMBOL UNITS

WF- #/ sec

ETATHEM —_—

ETA¢@ -—

SFCU # fuel per br/ # net thrust
FG # thrust

FN # thrust

18

DESCRIPTION

Fuel flow rate (number desig-
pates combustor location)

Thermal Efficiency

Overall efficiency (i.e.,
ETAP x ETATHM)

Uninstalled spocific fuel
consumption

Gross thrust

Net thrust
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SECTION VI

PROGRAM LISTING

19
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SIBFTC CARPET DECK
COMMON /PAKAM/ ETAR ETAFT JETAFH JETALP EFAC —y o -
1 ETAB  <ETATH JETATL PRFT ,PRFH o PRLP 4PRC
Z DPB  ,DPT  sDPE  ,DPD  sDPFH 4DPC  yHPEXT
.3 LCSL HCSL 4PCBLNZ4PCBLOW,PCBLOB,PCBLC 4CV __ _3.
4 Té W77 »T27  +ETABAB,ETABFD,0PBAB ,OPBFD
DIMENSION TITLE(11),ANORD(4) ) ) !
REAL LCSL
DAIA AWORD/6HATMOSP s GHHERES 2 6HLBS/SQs6H INGH /

NAHELIST/ INPUT/

1 ALTP  LAM +ETAR  DELTO ,P2 +PRES
} 2 NAENG +BPR  ,CV «DPD  JDPFH 40PC
3 PRFT  PRFH oPRLP PRC  ,LCSL oHCSL T
4  ETAFT ,ETAFH ,ETALP LETAC ,ETATH ETATL ,
5 14 v 17 7727  yOPT  ¢DPE  sPCBLNZ,
: 6 ETAB LETABAB,ETABFD,PCBLOW,PCBLOB:PCBLC .
3 7 0P8  ,DPBAB 4DPBFD ,PCBLT&4,PCBLHPHPEXT ,
8 ITITLE,IDEL IAFTBN,IDBURN X
ie =) !
PRES =1.0 ’
WAENG =1.0 o L _ §
cv =].0
PRFT =1.0 o ;
PRFH =1,
PRLP =1.0
PRC  =1.0
ETAFT =1,0 ) i
ETAFH =1,0
ETALP =1.0 ) _
ETAC =1.0 i
ETATH =1,0
ETATL =1.0
ETAB  =1.0
ETABAB=1.0 T T -
ETABFD=1.0
DELTO =0,0 Tt TYTTTEs T e T
BPR  =0,0
OP0 =0.0 -
DPFH 80.0
DPC  =0.0
LCSL  =0.0
HCSL =040
DPT  =0.0 . !
OPE  =0.0 -
PCBLNZ=0,0
PCBLOW=0,0
PCBLOB=0,0
PCBLEC =0,0
0P8 =0.0 |
DPBAB =0.0 |
DPBFD =0.0
PCBLT4=0.0 .
PCBLHP=0,0 '
HPEXT =0,0
IDEL =0

- m——— ——— - - - . - - m mme i em——— . ———————

C #%x CONSTANTS !
- G =32,174049 ’ o ’ L

20
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AJ =778.26

P2 20,0
EIAR. =00

IERROR=0
IAFTBN=0

I0BURN=0

JBASE =0 e

READ (5,INPUT)
IFLITITLEGT,0) READ(5.100) (TITLE(])ef=1511)

ITITLE=O0
ALT _ =ALTP%2,0855531E07/(2.0855531E07-ALTP) _

CALL ATMOS(ALY T19X14X29X3,P1,CSsX4yI111
T1 =T1+DELTO

TF(DELTO.GV.0.01 CALL PROCOMT0.0y TT,C8 X1y X2, X3,X4,X57 ~— — — 77

C #*% BEGINNING OF INLET
IF(ETAR.EQ.0.0) CALL RAM{AM,ETAR}
VA =AMECS - T T 7 T T T T
CALL THERMO(P1,H19719514X140,0.0,0)
TTTTRZ . EHISVASRTIZLAGEYAYY T T T Tttt m o o T
P2P  =1,0
DO 3 J=1,10
CALL THERKD(PZPyH2:%19S2PAHN2P040.041) _ o
TF{ABS(S2P=817.LE.C.0000I*SIH 66 TS -~ — ~— —— 7 ° °
3 P2P  =P1%EXP(.503547T1%AMH2P*(S2P~S1+1.985912/AMH2P#ALOG(P2P/PL))Y
GO 10 500 - T - R - o
5 IF(P2.67.0.0) ETAR =p2/P2pP
Pz =P2P*ETAR
__ CALL THERMO(P24H2+T2+52+X19040.0,1)
6 IF(IDFEL.GT.0) CALL DSDRIV1si) B
___ IF(BPR.LE.0.0) GO TO 7 o o
C *%x BEGINNING OF FAN TIP
CALL fOMﬂPRFT.ETAFT.PZ'TZ.S?,HZ,PZ«,T?#;SZ‘HHZA.IER)
__ _IF(IER.GT.0) GO TO 501 N L
£ %% BEGINNING OF FAN HUB
" CACL TOMPUIPRFH.ETAFHyP29T2,524H24P21H,T21 4521 4H21,JER} —— "= "=~
IF({IER.GT.0} GO TO 502
PRIT  =PZIH&(I.0=0FFAT
GO TO 9
T~ - P24 £0,0 -t s
TZ" '000
T TTTH24 =0,0 ) -
DPD  =0.0
PRFY =1.0
ETAFY =1,0
; P21H =P2 T ) - T -
P21L  =P21H
T21 =72 - -
H2]  =H2
DPFH =0.0
PRFH =1,0
ETAFH =1.0 - ’ ) -, T T mrmTe ot T
9  IF(PRLP.LE.1.0} GO TO 11 L
C »*x BEGINNING OF LP COMPRESSOR

CALL THERMO(P2IL H21,T2295214XY19040.0,0)
CALL COMP(PRLP,ETALPP21LyT2195219H214P22L,T22,522,H22ER)
IF(IER.GT.0) GO YO 603 - -~ —— = = 7= T eTTTTe T

21
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U T 13
11 P2zL  =P21L
T22 =721
W22 =h2) _ o e
DPC =0,0
PRLP =1.,0
ETALP =1.0
LCSL  =0.9

13 IF(PRC JLE.1.0) GU TO 15

C »%x BEGINNING OF HP CUMPRESSUR
p22 =P22L%(1.0-DPC)
CALL THERMO(P224H22,T22+5224X110+0.04+0}
CALL CUMP(PRC,ETAC,P2297T2245224H224P34T3453yH3,1EK)
IF{IER.GT.0) GU TU 504

60 TO 17 L . e e
i5 P22 =P22L
P3 =p22
T3 =722
¥ H3 =H22
¢ LPC  =0.0
PRC _=}.0 - . j
ETAC =1.0 '
HCSL =0.0

17 PROA =PRC*PRLP*{1.0~DPCI2PKRFH*{1.0-DPFH)

S o%k AIR FLUWS
WA2 =l.0
WA21  =WAZ/{BPR+1,0) M
; wWA24 =WA2-WA21
WAZ22 =WA21%(1.0-LCSL-PCBLOW)
WA3 =WA22%(1.0-HCSL-PCBLUOB~PCBLC-PCBLNZ)

A GRE L

sex BLEED FLOWS

BLOW =PCBLOWAWA21
BLLCSL=LCSL  #WA22
BLHCSL=HCSL #WA22
BLUB =PCBLUB*WA22
IF ({PCBLT4+PCBLHP).GT.PCBLC) PCBLHP=PCBLC-PCBLT4
PCBLLP=PCBLC=PCBLT4~PCBLHP

B =PCBLT ¥WAZZ

BLT4 =PCBLT4%*WA22

BLHP  =PCBLHP#WA22

BLLP =PCBLLP#*WA22

BLNOZ =PCBLNZ#WA22

TREF BEGINNTNG UF MEITN TORMBOSTOR— — "~~~ ~~—= =" =77 —™ === =77~ =~
CALL COMB(P3,T44H3,ETAB,DPByPLyHG 4S54 ,FARG4HV)
WF& =FAR43WA3
ey =WA3+WF4

e e ——————— - -

s s

E s sk BEGINNING UF HP TURBINE
231 =P% —

WGh) =WG4L+BLT4

FAR41 =WF4/(WA3+BLT4)

: H4l = (HOSWG4+H3I®¥BLT4) /WG4

¢ CALL THERMO(P41,H41,T41 4541 yX1914FARGL,1)

: HPBTU =0,7068%HPEXT/{WAENGEWGAL )

T DHTH “={HPBTUF(H3-H22}#WA22)/HWGo])
CALL TURB(P41,H41,S54] FARSGL,ETATHDHTH PS5, T5,H5,55,1ER)
IF{IER.GT.0) GO TO 505

22

G g
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PRTH =P4]/P5

P51 aPSx{]1,0-DPT)
HG51  =nGo41+BLHP
Hol S(HO2WGAL+H3BBLHP ) /HEO)

FARS) =WF&/(WGSL-WF4)
CALL THERMO(PS5]14H51,yTS1 4531 4X1s1+FAKSL, L)

S sx2 BEGINNING OF LP TURKINE

DHTL  ={(H24=H2)3WA24+ (H21~H? ) BWA2 1+ (H22-HZ1)eWA21 ) /wis ]

CALL TURB(P51,H51,551 9 FARS) JFTATL yDHTL 4P9Y ,T55  HH5 595 1FK)
: IF{IER.6TL0) GO TO 506

A PRTL =P51/P55
P56 =P55
WGS6  =WG51+BLLP
H56 S(HSS5#WGS51+h32BLLP ) /WGH6

FARS6 =WF4/{WG5Hh-WESL)
CALL THERMU(PSH4H564T56,596,X1,41+FARS0,1]

Toxxx BEGINNING OF TAILPIPE AND A/R

P6 =P56%(1.,0-PE)
T6 =756
H6 =H56 _ — I
IF{IAFTBN.GTLO0) GO TO 19
) WF T 20,0
! T7 =T6
[ P7 =P6
H7 =H6
FAR7 =FARS56 e R
WG7 =WG56 T mtm
WETGG =WFé&
Gh TO 21

19 CALL ABFIRE(P6,TT H6\FARSOHyETABAByIPRAB yWLS6 W WF& 4 PTyHT,57,
1 FART \WFT4WGT,WFTGG4HV T}

T a%e BEGINNING OF GG NOZZLE
21 WGR  =WGT+BLMOZ

HA = (HT2WGT+H3%BLNNZ ) /HGR
FAR8 =WETGG/(WG8-WFTGG)
P8 =P7

CALL THERMO(PB8,HB8,78,58,X141sFARBy1)}
IF(P8.LT.P1) GO TO 507

CALL NOZ(P1,PByTBySBFARB,TS9,4HS9)
IF{TS9.LE.T1) GO TO £08

Vo =CV#223,733%SORT(H8-HS9)
IF(BPR.LE.0.O) GO TC 23
Se®E BEGINNING OF DucY aN O/ —-° ~~ =~ — — "~/ Tt -
P26 =P24%(1.0-DPD)
WA26 =WA24+LCSLE=WA21+HCSL*WA22
% H26  =(H24%WA244H21SLCSLEWA?1+H22¥HCSL=WA22 ) /WA26

CALL THERMO(P264H26,T2645264%X1.0,0,0,1)
IF (INBURN.GT.0) GO TO 25

FARZ2T =0.0 -
WF27 =0,0
P27 =P26
T27 =726 L ~
H27 =H26 0T
S27 =526
60 T0 27
23 P26 20,0
T26 =0.0

F 23
i

L2
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HZ6 =0,0
F27 20,0 L
127 20,0
H27 0,0
P28 =0,0
128 =0.0 o
HZ28 =0.0
1$29 =0.0 ) L N
HS29 =0,0
5 ves . 20,0 —_—
XMU 20,0
WF27 =0,0
1 60 10 29 ) Tt T s
1 25 CALL COMB(P264T27,H26,ETABFD,DPBFD,P27¢H27,S274FAR2T,HV2T)
WF27 =FAR273WA26
27 WG27 =WA26+WMF27
WG28 =WG27
p28 =p27 ~ _ i . s
728 =727
H28  =H27 e
$28 =327
FAR28 =FAR27 !
CALL ND2{P1,P28,728,528,FAR28,7529,KS29} .
V29  =(V*223,733#SORT{H28~HS29) o _ ‘
C s%x PERFORMANCE CALCULATIONS i
XMU  =VA/V29
29 ANU  =VA/VQ
THGZY =VZ20%WG28/0
THG9 =V9*WGB/G
TRGU =THG9+TKG29 T
FNU  =THGU-VA®WA2/G
FHOWA =FNU/WA2 ) T T T
WFTOT =WFTGG+WF27
SFCU - =RFT0T#3600./FNU
FG =THGU*WAENG
FN =FNOWASWHAENG - - T T
ETAN =1,/XNU%(],+FARB-XNU}+BPR/XMU%(1,+FAR28~XMU)
ETAD =ETAN+40.5%({1.,+FARB)/XNU*%2%(]1,~-XNU)*¥*23BPH& (Y FFARZE]
1 /XMU=323(1,~XMU)%22)
ETAV =ETAN7ETAD
FTATHM=ETAD®VA*#2/ (GHAJX(FARBH(HV+VAXR2/(2,.%G8AJ) ) +
1 BPR#*FAR2B#(HV2T4+VA$%2/(2,.#G%AJ)))) T Tt o .- R '
ETAD =ETAPSETATHM
31 XWA24 =WA24 SWAENG
XWEZE =WAZE  ¥WAENG
XWA21 =WA21 BWAENG
XWA22 =WA22 SWAENG - T T
XWA3 =WA3  SWAENG
XBLOW =BLOW SWAENG
XBLCSL=BLLCSL3WAENG
T XBACSLEBULRUSUYWAENG
XBLOB =BLOB *WAENG
XBLNDZ=BLNOZ ®WAENG -
XBLC =BLC *HAENG
XBLT4 =BLT4 *WAENG -
XBLHP =BLHP =WAENG
T XBLLP SBULP “IHAENG = Tt e T
XWG4  =WGa SWAENG
XWG41 =WG41 SWAENG T - |




ey
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TTTUXWGS5)1 =WG51  *WAENG

_XWGS56 =WG56 SWAENG
XWGT  =WGT *WAENG
AWGB  =HG8  *WAENG
XWG2T =sHG27 *WAENG

_ XWG2R =WGZH  SHAENG
XHEG  =WF4  SWAENG
XWET =WF7  SWAENG
XWF2T =HF27 ®WAENG
XHETGG=WETGG SWAENG
XP1 =Pl #PRES
XP2  =PZ «PRES
XP21H =P21H%PRES
XP21L =P21L%PRES
XP22L =P22L#%PRES
XP22  =P22L%PRES
XP3  =F3 #PRES
XP4  =P4 #PRES
XP&4) =P4) %PRES
XP5  =P5 =#PRES
XP51 =P5] =PRES
XP55 =P55 #PRES
XP56 =P56 %PRES
XP6  =P6 %PRES
XP7 =P7 =PRFS
XP8 =P8 &PRES
XP24 =P24 %*PRES
XP26 _=P26 %#PRES
XP27 =P27 %PRES
XP28 =P28 #PRES
IF{JRASF . LE.O) SFCB =SFCU
IF(JHASF LELO) FNB  =FN
PCBSFC=SFCU/SFCB
PCBFN_=FN/FNB

WRITF{6,2000) (TITLE(I)sI=1,11)

IF(INELLGT.0) CALL NShouT

1F (TERROR (6GT.0) WRITE(641990)

WRITF(6,2001) ALTP ,AM » VA JDELTO SETAR LS
WRITF(6,2002) HPEXT oLCSL_ ybCSL 4 PCRLOW,PCBLUAPCHINZ
WRITF (642003) PCBLC PCBLT4,PCRLHP,PCBLLP,PRNA ~ ,RPK TWAFN(
WRITE(6,2004) PRFT LETAFT ,XWAZ4 ,XWA26
1 PRFH LETAFH ,XWA21 ,XBLCSL

WRITE(642005) PRLP LETALP 4AWAZ2 ,XRHCSL 4PRC JFTAL 4 XWA4
IF(PRES.GT.1,0) 1P=3

WRITE(642006) DFD +DPFH  DPC SAWORD(1P) e AWUKB (IP+]) L L
WRITE (6,2007) XP1 » T1 s H1 Y XP2 i W HE o7 -
WRITE(6,2008) XP21H ,T21 WH21 W XP21L

WRITE{6,2009) XP22L ,722 yH22 XRLUK $XP22  »XHBLUS

WRITF(6,2010) XP3 ' 73 vH3 XbLL
1 XP4 1 T4 2 HG vy XW(i4

WRITE(6,2011) DPB _ __,ETAB ,FAR4 ,XWF4 o .
1 XP4l L7141 yHG&1 2 XBLT4 —
WRITE(6,2012) %P5 v T5 ¢ HS P XWGGL GPRTH G TATH LDPT

WRITF(6,2013) XP51 ,T51 s HY 1 P XBLHP
1 XP55  4T55 1HSS » XWGS1

WRITE(6,2014) PRTL LETATL ,DPE 1 XP56  ,T50 P HY6 1 XBLLP
1 XPT™ S F1 T GRT . . xw6r T T

IF(IAFTBN.GT.O0) WRITE(6,2016) ETABAB,DPBAB 4 XWF7

WRITE(6,2017) XP8 1 78 yHA » XBLNOZ
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1 v9 2759 +HS9 1 XHGS ‘ [
WRITE(6,2018) XP24 ,T24 W H24 2 XP26 4726 W1H26 o

WRITE(6,2019) XP27 ,T27 sH27 £ XNG27 T !
1F (10RURN.T,0) WRITF{A:2020) ETABFN,NPRED ,XWE27T

WRITE(6,2021) XxXP28 ,T28 1H28 1 XNG28 ,V29 y7529 ,rS29 ‘
WRITE(642022) FAR4l ,FAR51 ,FAR56 ,FART FAR8 ,FAR2T _ ) :
WRITE(6,2023) HV sHYT sHY2T7  4CV »V9 yV29
WRITE(692026) FNOWA ,THGY THG29 ,ETAP LETATHM,ETAO
WRITE(642025) SFCU LFG +EN

1F (IDEL.GT.0) WRIYE!6,2026) PCRSFC.PCBEN
WRITEL16,2050)

IFIIDEL.GT.0) JBASE =1

IF{IDEL.GT.C) GO TO &

60 1D 1

S ]

|
C rsx FRRAR STATFMENTS !
500 WRITE(6,1500) P1,5S1,P2P52P X

GO TO 600
501  WRITE(641501) P2,T2,PRFT,ETAFT |
GO TO 600 !
532  WRITE{H,1502) P2,T2,PRFh,ETAFK
G 70 600 e ’
§03  WRITE(6,15031 P21L,T21+PRLP,FTALP
GO 10 600
504  WRITF(5,1504) P22,T22,PRC,ETAC
GO TO 608
505 WRITE(6,1505) P&1,H4]1,DHTH,ETATH
6N TH 600
506  WRITE{6+,1506) P51,H51,DATL,ETATL
G TG 600
507 WRITE(6,41507) P8,P1
GU TO 600

508 WRITF{6,1508) TS9,T1
00 1FRRNR=]
GO 10 31

100 FURMAT(11A6}

1500 FORMAT(1H1,25HINLET DID NOT CONVERGE - ,4E14.6)

1501 FORMAT(1iM1,16HFAN TIP ERRUR - ,4E14.6)

1502  FORMAT(1H]1,16HFAN HUB ERROR =~ ,4E14.6)

{503 FORMAT(1H1,T6BLD COMP ERROX - ,4E14.6})

1504 FORMAT (1H1,16HH] COMP ERROR ~ ,4E14.6)

1505 FORMAT(1H1,16HHI TURB ERROR = ,4E14.6)

1506 FORMAT (1H1,16HLI: TURB ERRUR ~ ,4El+%.6)

1507 FORMAT(1H1,23HGG NOZILE PRES FRROR - 42El4.6)

1508 FORMAT(1H1,23HGG NUZILE TEMP ERROR - 42E14.6) ‘
3 350 FORMAT (IR0, 35X, 3/REFEE FRRTR TN FOULOWTNG PUINT ™ "avase] i

-

2000 FORMAT(IH1/1H ,20X,11A6)
2001  FORMAT(1HO,29X,
1 THALTP =y FB.O'QH AM ] FB.A'QH VA =y FROZ!/IH 129x'
2 THDELTO =, FB8.2y9H ETAR y FB.S5,9H (S =y FR,2)
2007  FORMATIIRG, 20X, - o B T T o T e :
1 THHPEXT =, F8,249H LCSL =, FR,5,94 HCSL FB.O5/1H 4, 20X,
2 THPCBLOW=, FB.5,9H PCBLOR=, FR.5,9H PCBLN?=, F8.5}
2003  FURMAT(1IH ,20X%,
A THPCBLC =, F8.5,9H PCBLYG=, FR.5,9H PCBLHP=, FB.5,
13X, THPCRLLP =y FB.5,/1H ,20X,
2 THFROA =, F8.3,94 BPR =y FRe3y9H WAENG =, FH.Z)
2004 FORMAT(LIHO,20X,
A THPRFT =, FBely9H ETAFT =y FB.5,9H wA24

T
)

|}
n n
-

s
-
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— - m— —— ¢ e e e s e s A ———

"1—'3x,7ﬁFZ§E-'=, FB.g,/lH ‘.bX’
2 THPRFH =, FB.6¢9H ETAFH =4 FBeS5¢9H_ WA21 =, F8.3,
3 33X, 7HBLLCSL=, FB.3)}
2005 FORMAT(1H ,20X,

A  THPRLP =, FB.4,9H ETALP =, FB.5,9H WA22 =, F8.3,
1 éX'THBLHCSL=t Faigp[lﬂ_lZOXO

- . cm e e m———————

27 THPRC =y  FBe4ys9H ETAC =4 FB.5,9H WA3 =, F8.3)

2006 __FORHAT(1H ,20X, o
1 THDPD =y FB.5,9H DPFH =, FB.5,9H DPC
2 13HPRESSURES IN ,2A5)

2007 FORMAT(1H ,20X,

THP1 =y F8.3,9H T =y FB.249H HI

THP2 =y  FB43,9H T2 =, F842,94 M2

2008 FORMAT{1H ,20X, . . . - .
1 "THP21IH =y  F843,9H T21 =, FB842,9H H21 =; FB.2,/1H ,20X;
2 _THP21L =,  F8.3)

2009 FORMAT(1H 520X,

A THP22L =y FB.3,9H T22 =; FB8.2,9H H2ZZ =, FB.2,

]

s FB.53/1HI,20%y

F8.,2:/1H 720X]
£8.2)

“&

-

— b
2

1 3X,7HBLOW =, F8,3,/1H ,20X,
2 7HP?2 _ = FB.3,35X s9H BLOB =, FR.3)
2010 FORMAT(IH ,20X, ’ o ’ ’
A 7H93 =y F8.3y9H T3 e F80219H H3 = F8.2; -
1 3X:7HBLC =y FB.3,/1H ,20X,
2 THP4 =, F8.3,9H T4 =y F8,259H H4 \='>F8n2'

"3 3X,THWG4 =, FB.3)
2031 FORMAT(IH ,20X,
TR THDPB T =y FB.4,9H ETABR =, FB8.5,9H FaR4 =, F8.5,
1 3X.7THWF&4 =, FB.4y/1H 20X,
2 (HP&I =, ¥3.3,9R  T&41 =y FB.299H H&1 =y FB.24
3 3X,THBLT4 =, FB8.3)
2012 FORMAT(1H ,20X,

A 7Hp5 =y F8.3,9H i5 Sy F8o219H H5 sy FB}Z,

1 3X,7HWG4l =y F843,/1H ,20X%,

2 THPRTH =, FBaby9H ETATH =y F8.549H DPT =y F8.5)
2G13 FORMAT(1H ,20X,

AV 7HR§L =y F8.3’9H 751 =9 FB.Z!QH HSl S F8t21_‘
1 3x’7H5LHP = f8.31/1H yZOX'
2 THPSS =y F8,3,9H 755 =y FB.299H H55 =y, F8.24
3 3X,7HWGS51 =, F8.3)
2014 FORMAT (1H ,20X,
1 THPRTL =y F8.4,9H ETATL = F80519H DPE =y Faosv/IH ,20Xr
2 THP5» =y F8.,3,9H T56 =y FB842y9H H56 =y FBe2y
3 3X,7HBLLP =, F8.3) ’ R
2015 FORMAT(1lH ,20X,

A THPG S F8.3'9H Tb =y FBDZ'QH Hé6 =9 FH:Z, -
1 3X,7HWG56 =, FB.3,/1H ,20X,

2  THPY =, F8.3,9H 17 =y FB.Z2y9H HY =y FBed:

3 3X,7THWG? =, F8,3)

2016 FORMAT(1IH ,21X,
1 13H*x ¥ A/B » %,3X,7THETABAB=, F8.5,9H OPBAB =, F8.5,
2 3X,THWF7 zy FB.4) oTTm T
2017 FORMAT(1H ,20X,

A THPB =y  FP.3,9R T8 =, FB8.2:0H HB =y F8.2,
1 3XQ7HBLN02 =, r8.3p/lH 129X'
2 THV9 =y  FB.2y9H TS89 =, F8.2,3H HS9 ~ =, FB.2, =~ T T
3 3X,7H“GB = FB.B)
2018 FORMAT{1HO0,20X, - T T T
1 7THP24 =, FB.3,9H Y24 =, FB.2:9H H24 =, FB8.2y/1H 20X,
2 (HPZ6 EX FBe3,UH 120 =y FBs2¢9H HZO =y FBal)

2019 FORMAT(1H 420X, L
1 THP27 =, F8.3,9H T27 ~ =, FB,2,9H "HZIT — = FB8.Z, T
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2 3X,THWG27 =, FB8,.3)
2020 FORMAT(1H 421X,
1 13H%x ¢ D/B * *,3X,7THETABFDN=; F8.,5s9H DPBFD =, FB8.5,
23X, THWE2T =, FB,4)
2021 FORHAT{1IH ,20X,
A THP28 =, FB.3,9H Y28 =, F8.2,9H H28 =, FB.2,
1 3X,7THWG28 =, F8.3,/1H 20X,
2 THv2¢ %y FB.2,9% TS29 =, FB,299H HS29 =, FB8.2)
2022 FORMAT{1HO,20X,
1 _7HFAR4] =, _F8.5,9H FAR5] =, FB.5,9H FARS6 =, FB8.5,/1H ,20X,
2 THFART =, FB8.5,9H FAR3 =y, FB.599H FAR27 =, F8.5)
2023 FORMATI(1H ,20X,
1 THHV =y FB.IQQH HV7 =y FB-I'QH HV27 = F8.17/1H ,ZOX.
2 THCV = F8.519H ve L) F8.2g9H V29 S F842)
2024 FORMAT{1M0,29X,
1 THEN/WA =, F8,3,9H THGY =, FB.3,9H THG29 =, FB8.3,/1H 429X,
2 7HETAP =y F8.5v9H ETATHM’:' FB@S'()H ETAOD =y F8.5)
2025 FORMAT(1H ,29X,
1 THSFCU = F8.5.9H FG =y F8.1'9H FN =y F8e1)
2026 FORMAT(1H 429X,
1 1O0HSFC/SFLCB =FB.5,15X y8HFN/FNB =F8.5)
2050 FORMAY (IHO,26X,
1 5S5HTHIS PROGRAM WAS DEVELOPED BY FUTILITY AIRCRAFT, UNINC.y/y
2 1H 420X, 17THCOMPONENTS BRANCH,27X,
3 23HTURBINE ENGINE OIVISION,/1H 433X,
4 &41HU.S. AIR FORCE AERO PRGPULSION LABORATOUKY)
END
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$IBFTC DSDRIV DECK

SUBROUT INE DSORIVis) - - I
DIMENSIOM VAR(33),PAR(33),1SAVE(33),CSAVE(33),DSAYE(33},PSAVE(33),
1 _SSAVE(33)

COKMOM /PARAK/ ETAR HETAFT LETAFH LETALP LETAC
1 ETAB JETATH ,ETATL +PRFT JPRFH (PRLP LPRC
2 0OPB 20PT »DPE »OPD 1DPFH  4DPC yHPEXT
3 LCSL LHCSL oPCBLNZ,PCBLOW,PCBLUB,PCBLC »CV
4 T4 o T7 1 T27 +ETABAB,ETABFO,DPBAB ,0OPBFD
DATA YAR/

. W @ -

6HETAR  J6HETAFT ,6HETAFH (6HETALP LO6HETAC

6HETAB  +6HETATH ,6HETATL L6HPRFT »6HPRFH 46HPRLP ,6HPRC

64DP8 26HDPT +61DPE » 6HDPD v6HOPFH 46HDPC sy OHHPEXT

GHLLSL  ¢6HHCSL o 6HPCBLNZ y6HPCBLUW, 6HPCBLUB y 6HPCBLL ,6HCYV

6HT4 s6HTT yS6HT27 +6HETABAB , 6HETABFD o 6HUPBAB »6HOPBFD
DATA T1BASE sNUMINORD, GOON  HUND/0,0,46H 26HGUON  ,6HUELTA /

WY W N e

New o

DATA ARINUS,PLUS/GHMIKUS ,6HPLUS /
EQUIVALENCE (PAR,ETAR)
IF(IBASE.GT.0) GO TG 1

IBASE=1

HUN=0

RETURN

IF(KORD.EQ.GOOM) GO TO 6
IF{IBASE.GT.1) GO TO 4
IBASE=2

READ (5,100) WORD HOM,COWySOW
IF (WORD.EQ.GOON) GO TO 7

00 2 1=1,33

11=1

2 IF (WORD ,EQ.VAR{I)) GO TO 3
WRITE(6,101) WORD
SToP
3 IF (HOW.EQ.HOWD} DELTA=COM
IF (HOW JNE .HOWD) DELTA=COW2PAR(IL) e
PFRCNT=100.%DELTA/PART{I])
NUM=NUM+]
ISAVE (NUM)=11
CSAVE {(NUH }=COW
DSAVE (NUK)=DELTA
. PSAVE (NUM)=PERCNT
SSAVE (NUM ) =SOW
PARSAV=PAR(I1)
IF(SOW.EQ.AMINUS) GO TO 4
PAR(II)=PARSAV+DELTA
RETURN
4 IF(IBASE.GT.2 ,OR. SOW.FO.PLUS) GU TO 5
“IBASE=3 ToTrr s T i T
PAR{II)=PARSAV-DELTA
RETURN T
5 PAR{11)=PARSAV
IBASE=1
G0 10 1 o
6 IF(IBASE.GT.1) GO 7O 4
IBASE=2
MUN=MUN+]
IF (MUN.GT.NUM) GO TO 7
1§ =] SAVE (MUN) )

COW =CSAVE (HUN)

DELTA =DSAVE(MUN)
PERCNT=PSAVE (MHUN)
SOW =SSAVE(MUN)

30
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. Ey
¥
b
PARSAV=PAR(I]) ¢
1F(50W.E0.AHINUS) GO TO &
PAR(I1}=PARSAV+DELTA >
RETURN e o
7 1BASF=0 ;
RETURN] !
ENTRY DSODOUT ,
IF(IBASE.EQ.1} WRITE(6,200) ;
IF{IBASE.EQG.2}) WRITE(64,2U1) VAR(II},PERCNT,DELTA
W __JE(IBASELEQ.3) HRITE(64202) VAR{II1)}:PERCNI.DELTA *
RETURN
100 FORMAT (A6 94X A624X,E10.0,26)
101 FORMAT (1HO, /,1HO,A6,32H NOYT IN COMMON, PUINT TERMIMATED)
200  FORMAT{1H ,48X,10HBASE POINT}
201 FORMAT (1H 422X ,21HBASE POINT — VARYING A6,5H BY +,
1] F6.1,17H PERCENT (DELTA =,F7.3,1H)) :
202  FORMAT(1H ,22X321HBASE POINY — VARVING .A6,5H BY -,
1 F6.1,17H PERCENT (DELTA =,F7.3,1H)}
END
y
SIBFTC RAH DECK
SUBROUT INE RAM(AX,ETX)
ETX=1.0 )
IF{AXeGTe120) ETX=1.0-0.075%({AX-1.0)%51,35)
1F{AX.GT.5.,0) ETX=800.0/{(AX%%24)+935.0)
RETURN u
END 1

SIBETC COMP DECK ‘
SUBKOUTIRE COMP (PRC,FTAC,PIN,TINySINGHIN,POUT » TOUT 3 SOUT yHOUT 5 TFR)
POUT =PRC P IN
TOUTP=(PRCS%,28572)#TIN
DO 1 J=1,10
CALL THERMO (POUT yHOUTP 3 TOUTPSOUTP,X 909X 50}
IF (ABS{SOUTP-SIN}.LT.0.00015SIN) GO TO 2
1 TOUTP=TOUTP/EXP { ( SOUTP-SIN) %4, )
1ER=1 ]
— BRETURN . ) - . - ! ‘
2 HOUT = ( (HOUTP-HIN)}/ETAC) +HIN
CALL THERMO (POUT sHOUT s TOUT ySOUT 4 X409 Xy 1)
1ER=0
RETURN
END

ERURWONIR SNV
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SIBFTC COMB DECK
SUBROUT INE_COMB{PIN, TQUT yHIN, ETAB, DPB , POUT ;HOUT ySOUT 4y F AROUT 4RV }
DIMENSION X{9)
X(21=0,0
X(31=0.0
__ PDUT=PIN®(1.0-DPB)
T HVE{ (1 (({~e459431TE=19%TOUT )=, 2034116E~15)%TOUT+.2783643E~11) «TOUT
1 +.2051501E-07)%TOUT-,2453116E-03)#TOUT~.9433296E-01) +TOUT+

2 .1B45537E+05

CALL THERMO{POUT sHOUTAs TOUT 1 X1sX2:040040)

FAROUT = (HOUTA=HIN) / (HVSETAB)

_EARS=FAROUT

TCALL THERMO(POUT HOUT , TOUT,SOUT X1, 1, FARQUT 40}
! DELFAR=(FARS=FAROUT)/FAROUT

CALL AFQUIRIX{1),TOUT ;DELFAR 04915040001 ¢495,TNEN,ICON)

GU TO (2:%3:3):1CON
2 TOUT=TNEW

HV=((((({=24594317E=19%TOUT}~,2034116E~15)*TOUT+,2783643E~11)+TOUT

1 +.2051501E-07)3T0OUT-.2453116E~03)4TOUT-,9433296E~01)eTOUT+

2 .1845537E+05 .

CALL THERMO(POUTHOUTA,TOUT»X1,X2,0,0440)

FARS=(HOUTA=HIN]/(HV*ETAB)

GO 10 1

3 WRITE(6,100)

A CALL THERMO (POUT ,HOUT , TOUT,500)Ty X141 FAROUT 40)
RETURN

100 FORMAT (38H STOICHIGMETRIC TEMP WILL NOT CUNVERGE) : .
END

$IBFTC TURAR NneCK
SUBRODUT INE TURB(PIN'HIN.SINyFAR}NyFTATlN.UHTIN,POUT TOUT
1 HOUTSOUT,IER}
HOUYT =HIN=DHTIN
HOUTP=HIN-DHTIN/ETATIN
- . _PQUT =PIN=*.5 N . — .
00 1 J=1,10
CALL THERMO (POUT 4HOUTP,TOUTSOUTAMOUT 31 4FARIN, L) . -
IF(ABS!SOUT-SIN}.LT.0.,0001%SIN) GO TO 2
= SEXP(1.8035471¥AMOUT ¢ (LSOUT=SIN)+().985912/AMOUT)
1%ALOG(POUT/PIN)))
IER=]
RETURN
? CALL THERMO(POUT yHOUT,TOUT30UT4Xs1sFARIN,])
1ER=0
RETURN
END
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$IBFYC ABFIRE DECK
SUBROUTINE ABFIRE(PIRN, TOUT pHINSFARINLETABDPB oG IN yWF 1M, PGUT , HOUT
1 SOUT oFAROUT o MF oBGTOT y MFTOT o MV}
DIMEMSION X(9)
X{21=0.0
X(3)=0,0
POUT=PIN*(1.0~-DPB}
CALL THERMO(POUT ;HOUTA,TOUT,X1,X2,2,FARIN;O}
HY= ((((l%~.65943175-19¢TDUT)~ 20361165*15)‘TGUT+ 27836635-11)’TOUT ’

e I

2 .1845537E+05
FARX=(HOUTA~-HIMN}/{HV*ETAB)

WF=FARX*HGIN
—_MOTOT=MF+¥GIN
WFTOT =WF +WF 174
= XL ENGIN-KE L)
FARS=FARGUT
CALL THERFQ(POUT oHOUT s TOUT ,SOUT , X1, 1 , FAROUT ,0)
1 DELFAR=(f BRS—FARDUT ) /FAROUT
CALL AFQUIR(X()} s TOUY 9DELFAR 9005150700001 9095 JTHEW ICON)
GO TG (244+3),ICON

=TNEW
HV=({{{{(—e459431TE~198TOUT ) ~e 203411 6E~15) #TOUT+,2783643E<111*TOUT
1  +.2051501E-07)*T0UT~.2453116E-03 }5TOUT-.9433296E~01)sTOUT#
2  .1B845537E+05
CALL THERMO(POUT 4HOUTA,TOUTsX15X290500600)
FARX=(HOUTA-HIN)/{RY*ETAB)
WF=FARXSNGIN
HGTOT =WE+WGIN
WFTOT=WF4NFIN L
FARS=HFTOT/ (RGCIRN-MF I8
G0 101
3 HRITE(6,100)
4 CALL THERKO (POUT HOUT , TOUT 5, SOUT y X141 4 FAROUT 50)
RETURN
100 _ FORMAT (47TH ABFIRE - STOICHIGMETRIC TEMP WILL NOT CONVERGE)
"END

[P —

SIBFTC MOZ DECK
SUBROUTINE NOZ{P14PTIN,TTIN, STIN, FAR N, TSOUT HSOUT)
TSCUTSTTINS((PA/PTIN}®S.206)

- —— —

1 _d=le10
IFITSOUT.LT.300.0) TSOUT=300.0
CALL THERMO(PL,HSOUT, TSOUT ySSOUT 9291 ¢FARIN0)
IF (ABS{SSOUT-STIN) LT.0.000183T1IN) 60 TO 2
1 TSOUT=TSOUT/ (EXP{{ SSTUT-STIN}S4, )}
WRITE(6,100) P1,TTIN,TSOUT
2___ _BETIRM
106 FORMAT (294 WOZZLE DID WOT COMVERGE, Pl=,E15.677H, TTIN®,E15.5,
1 8M, TSOUT=,E15.8)
E#D

—
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SIBFTC ATHG62 DECK
SUBROUTINE ATMOS (2FT, TM; SIGMA, RHO, THETA, DELTA, CA, AWU, K}

¢ THIS IS A SUBXOUTINE TO COMFUTE CERTAIN ELEMENTS OF THE 1962,

G UeSo STANDARD ATMOSPHERE UP TO 90 KILOMETERS.

€ CALLING SEQUENCE...

.

€ CALL ATHOS \ZFi, TMs SIGMA, RHO, THETA, UELTA, CA, AHU, K}

c _IFT_ = GEOMETRIC ALTITUDE (FEET)

¢ TH = "MOLECULAR SCALE TEMPERATURE (DEGREES RANKINE)

G SIGHA = _ RATIO GF DENSTTIY O THAY AT SEA LEVEL

c RHO =  DENSITY (LB-.cC##2-FT#%(=4) OR  SLUGS-FT##3)

c _THETA = __RATIO OF TEKPERATURE TD THAT AT SEA LEVEL

¢ "DELTA = RATIO OF PRESSURE TO THAT AT SEA LEVEL

C CA__ _=__ SPEED OF SOUMD (FT/SEC)

c AMU ~ = VISCOSITY COEFFICIENT (LB-SEC/Fiee2]

G

C K = 1 NORRAL

c .= 2 ALTITUDE LESS THAN -50C0 HMETERS OR GREATER THAN 90 KM_
c = 3 FLOATING POINT OVERFLOW

c

€ ALL DATA AND FUWDAMENTAL CONSTANTS ARE IN THE METRIC SYSTEM AS

C__ THESE QUANTITIES ARE DEFINED AS EXACT IN THIS SYSTEM.

¢

C___THE RADIUS_OF THE EARTH (REFTS59) IS THE VALUE ASSOCIATED WITH THE
€ 1959 ARDC ATHOSPHERE SO THAT PROGRAMS CURRENTLY USING THE LIBRARY
C__ROUTINE WILL NOT REQUIRE ALTERATION TO USE THIS ROUTINE.

TDIMENSION HB(10),THB (107 ,DELTAB(10) yALM(10)
DATA(HB({), TMB(1), DELTAB(I), ALMII),1=1,10)/

A -5,0, 320.65, 1.75363E 00, ~6+5
B 0.0y 288.15, 1.00000E 00, =6.5, o .

c 11.0, 216.65y 2.23361F-01, 0.0,

0 _ 20,0y 216465y _ 5.40328£-02, _ 1.0y _
€~ 32,0, 228,65, B.56663F~03, 2.8,
F 47,0, 270,659 1.09455E-03, 0.0,
G 52.0, 270.65y  5.82289E-04y =240,
H_ 61,0y  252.65,_ 179718E~04y  ~4.0y
T  79.0, 180,65, 1.0241 E-05, 0.0,

J 88,743y, 180465y 1.6223 E=06 0,0/
“DATA REFT59/2.0855531€ 077, GI 79.80665/,
A AMZ /28,9644 /¢ RSTAR /8431432/,
B FTTOKM/3,048E-04 7v S 71104 7,
c __AMUZ  /1.2024E-05  /, CAZ__ /1116.45/,
D T TRHDZ /0.076474 /s GZERG 732.1741/

C CONVERT GEOMETRIC ALTITUDE TO GEOPOTENTIAL ALTITUDE

TTHFT = (REFT59/(REFTS59+4ZFT))*2FT Tt rm T T
C __CONVERY HFY AND 2FT TO KILGOMETERS

A

= FTTOKM*ZFT
H = FTTOKM3HFT
K =1 - —— -
TMZ = TMB(2)

IF (HQLTO-S.OOOROZ.GToqooO) GO TO 16
D0 10 M=1,10

< IF (H-HB(M}) 11,12,410

10 CONTINUE
GO TO 16

11 M = M=]

12 DELH = H-HB (M)
IF _(ALM(M).EQ.0.0) GO TO 13
THMK = TMB{M!~ALM{M}SDELH

C GRADIENT IS NON ZERO, PAGE 10, EOQUATION 1.2.10-(3)

DELTA = DELTAB(M)®((THB{M)/TMK)*3(GZSAMZ/ (RSTAR®ALNM(MT)T)

- e g e e
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GO 70 14
13 THK = THMB(M)

C GRADIENT IS ZERO, PAGE 10, EQUATION 1.2.10-(%4)
o DELIA = DEITAR(MI*EXP{-GZSAMZSDELH/ (RSTARSTMB(N)})

14 THETA = TMK/THZ
— SIGMA = DELTA/THETA

ALPHA = SORT(THETA®#3)3(({TMI¢S)/(THK¢S))
C CONYERSIQN TO ENGLISH UNITS

TH = ). 8*THK
——BHO = HHOZASIGMAZGIENG

CA = CAZ*SQRT(THETA)
___AMU = AMUZ®ALPHA/GZENG

CALL OVERFL{J)
GO TO (15417)y o

15 K = K+2
GO 10 17

16 K = 2
17 RETURN

END

37
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$1B8FTC PROCOM DECK
SUBROUT INE PROCOM{FARXTEXsCSEXsAKEXsCPEX REX PHIGHEX)
1F (FARX.LE.C.067623) GO TO 1
FARX=0,067623
WRITE(64101)
L _  _IF(TEX.GEL300.) 60 TO 2 _ _____ __ ___ . ___
TEX=300,
] WRITE(6,102) - - - — —— -
2 IF(TEX.LE.4000.) GO TO 3
TEX=4000,
WRITE (64103)
3 IF{FARX .GE.0.0) GO TO 4
FARX=0.0
WRITE(6,104)
¢ AIR PATH
4 CPA =(({1{(1.,0115540F=25%TEX~1,4526770E=21)*TEX
T +7.6Z15767E-181#TEX-1,5128259E- 141 #TEX-6, 71183 716E~12)
2 #TEX+6.5519486E-08)#TEX~5.1536879E-05)#TEX+2.5020051E-01
HEA={ (({({(1.2644425E~26%¥TEX~2,0752522E~22) *TEX
1 +1.2702630E-18)*TEX~3.0256518E~15)#TEX-1.6794594E-12) e TEX
2 +2.1839826E-08)%TEX~2.5768440E~05)#TEX+2.5020051E-01) 6TEX
3 -1,7558886E+00
SEA=+2.5020051E~01%ALOG(TEX)+({(( ({1.445076 {E-268TEX
] =2.6211288BE-22)#TEX+1.5243153E-18)%TEX~3.7820648E~15)#TEX
2 ~2.2392T90E-12)%TEX+3,2759743E~08) #TEX-5.1576879E-05) #TEX
3 +4,5432300E~02 o
IF (FARX.LE.0.0) GO TO 5
c FUEL/AIR PATH )
CPF =((((((7.26787T10E-25#TEX-1.3335668E-201#TEX
1 +1.0212913E-16)%TEX~4.2051104E~13)#TEX+9.9686793E-10) ¢ TEX
2 ~1.3771901E-06)*TEX+1.2258630E~03 ) #TEX+7.3816638E~02
HEF=((({(((9.0848388E~26¢TEX~1,9050949E~21)%TEX
1 +1.7021525€~17)#TEX~8.4102208E~14}%TEX+2.4921698E~-10) TEX
2 —4,5906332E-07)*TEX+6.1293150E~04 )% TEX+7.3816638E-02)
3 eTEX#3,0581530E+01
SEF=+7.3816638E~-02%ALOG (TEX)+({{(((1.,0382670E-25+TEX
1 -2.2226118E-21)8TEX+2,0425826E-17)%TEX-1.0512776E-13) #TEX
2 +3,3228928E-10)*TEX~6,8859505E~07) % TEX+1,2258630E-03 ) # TEX
3 +6.483398£-01 ST T
5 CPEX=(CPA+FARX®CPF )/ (1.+FARX)
REX=TREA+F ARX#FHEF T /11, +FAR Y]
PHI=(SEA+FARX®SEF)/(1.+FARX)
AMW=28.,97-,946186 *F ARX
REX=1,986375/AKN
AKEX=CPEX/ (CPEX-REX}
CSEX=SQRT (AKEX®REXSTEX#$25031,37)
RETURN
101 FORMAT(1HO,64HINPUT FUEL-AIR RATIO ABOVE LIMITS, IT HAS BEEN RESET
2 T0 0.067623)
102 FORMAT.(1HO,35HPROCOM INPUT TEMPERATURE BELGW 300.)
103 FORMAT (1HO,36HPROCOM INPUT TEMPERATURE ABOVE 4000.)
104 Fggnnr(lno.3anpaocon INPUT FUEL-AIR RATIO BELOW ZERO)
E
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SIBFTC THERMO DECK

SUBROUTINE THERMO(PXyHXoTXySXoAMX,L yFAR,K)

FX=0,

——iE{LaEGe1) FX=FAR

IF{K.EQ.1) GO TO 1
CALL PROCOMIFXoTXyCSeAKyCPyRyPHI4HX)

TTTD6 2 1=1,15

60 70 3
TX=4e*HX

CALL PROCOMEFXsTXCSaAKsCPoR,PHI H)

DELH=HX-H

IF (ABS (DELH)LE .0.00061#HX) GO 70 3

2

__WRITE(6,100)

TX=aT X+4 ,#xDELH

SX=PHI-R*ALOG(PX}
AMA=)09086375/8

100

RETURN
FORMAT {25HONG _CONVERGENCE IN THERMO)

END
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$IBFTC AFOQUIR DECK

SUBROUTINE AFQUIR(X,AIND,DEPENDANS,AJ,TOL,DIR;ANEW, ICUN]_

DIMENSION X(9)
X{11=NAME OF ARBAY T0 USE
AIND=INDEPENDANT VARIABLE
_UEPEND= DEPENDANT VARIABLE
ANS=ANSWER UPON WHICH TO CUNVEKGE
AJ=MAX NUMBER OF TRYS
TOL=PERCENT TOLERANCE FOR CONVERGENCE
DIR=D[RECT [ON AND PERCENTAGE FOR FI1KST GUESS
ANEW=CALCULATED VALUE OF NEXT TRY AT INDEPENDANT VARIABLE
ICON=CONTROL =1 GO THRU LOOP AGAIN

=2 YOU HAVE REACHED THE ANSWER
] _ =3 COUNTER HAS HIT LIMITS

X{2)=COUNTER STORAGE
X{3)=CHOUSES METHUD OF CONVERGENCE
X{43=THIRD DEPEND VAR
X{5)=THIRD IND VAR
X(6)=SECOND DEPEND VAR
X{3)=SECOND IND VAR .
X{B)=FIRST DEPEND VAR
X(9)=FIRST IND VAR
X(3) MUST BE ZERO UPON FIRST ENTRY TO ROUTINE

salzEnlsigNeraNa e NN ale e e nRaNaN el o

v=0.
IF(ANSI152,1
1 DEP=DEPEND-ANS
TOLANS=TOL#ANS
GO 10 3
2 DEP=DEPEND
TOLANS=TOL
IF (ABS{DEP)-TOLANS)5,5+%
IF(X({2)-AJ)8,8,7
ANEW=AIND
X(2)=0,
1CON=2
RETURN
6 ANEW=Y
X(2)=X(2)+1.
1coN=1
RETURN
7 ANEW=Y
X(2)=0,
ICON=3
RETURN
IF(X(31)9+9,12 _
##5 FIRST GUESS USING DIR
X(3)=1.
X(8)=DEP
X(9)=AIND
IF(AIND)10,11,10
10 _Y=DIRAIND _ _
GO 10 6
11 Y=DIR
GO T0 6
12 IF(X(3)=1.)13,13,16
C #%x LINEAR GUESS Tt
13 x(3)=2.
X(6)1=DEP - T
X{7)=AIND
IF(X(8)-X{61)14,9,14

el S

O e

— e s &= —— . — — e —_r = A e
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14 IF(X{9)=X17))15,9,15
15 AIX(9I-X{TH)/iX{B)=-X{6)]) .
Y=X{9}=-A2X(8)
IF(ABS(10,%X(9))-ABS(Y})9,9,6
C =3 UHADMATIC GUESS
16 X{6)z=DEP
X{5)=AIND
IF(X(T)-X{5))18,17,18
17 IF{X(6)=-X(4))13,9,13

W IEAX(6)-K4) 11950319 __ _

19 TFIX(9)-X(5))23,20,23
24U TF(X(8i~-X(4))21922,21
21 X{9)=X{7)
X{8)=x{6)
6U TO 13
22 __ _X(9)=xX{7) o
X{8)=X(6)
X{3)=1e
IF(X(9))10,11,10
23 IF(X{8)=X(4)})2442),24
24 F{X{6)=X{4))/7(X(T)=X{5})
A (X{8)=X({4)=F={X{9)=X(5I 11/ (X{9)-X{TII*(X(9)~-X(5}))
CeR=AR(X{5)+X{7))
C=X{a)+X{5)=(A&X(T)-F)
IF({A) 242,240,242
240 I[F(B)241,74241
241 Y=-(C/8
GO TO 37 _
242 IF{B)247,24342417
243 IF(C)2454,244,245 R B
2464 Y=0,
GO TO 37
24% 6=-C/A
1F(G)T,:1,246
246 Y=SQRT (G}
YY==SORT(G) B o
GO 10 270
247 IF{C)249,248,249 ~ e
248 Y=-B/A
YY=0.,
GO0 TO 270
249 D=4, %A%C/B%*%2
IF(1.-D)13,25,26
25 Y==B/(2.%*A)
; G0 TO 37
26 E=SQRT{1l.~D)
2i Y={-B/{2.%A) %], +E}
YY=(«B/(2.%A})2%(1.-E)
270 J=4
DEPMIN=ABS(X(4))
DO 29 1=6,8,2
IF(DEPMIN~ABS(X(1))129,29,28
28 S3=T N
DEPMIN=ABS(X(i))
29 CONTINUE
K=J+1
TFLIX(K)=Y)={X{K)=YY)}32,32,30
30 IF{ABS(X(K)=Y)-ABS{X(K)-YY)}37,37,31 e
5T Y=y ~~—~ -0 o B T
GO T0 37 N
32 1F(J-6)33,34%,34 B

43

Cxlgmaun o w o D




AFAPL-TR-68-88

33 JJ=g+2
KK=K+2_
GO TO 35

34 d=d=2

KK=K=2
35 (X{RK)

IFISLOPEXX{J}#(X(K)-Y})36+36+37

37 X(9)=X(7)
Xi8l=X{6}

SLOPE= (X(KK)=X(K))/{X{JJ)~X{J})

X(7)=X(5)

L X(6}=X(4)
GO TO 6
END _
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EXARPLE 1t SETUP OF CARPET DECK

$J03

$18J08

SIBLDR CARPEY
'

0:02,0800 = 665-XXX» MARE
ROSOURCE

SYRROL

$SDATA

SINPUT ALTP=0,0,AN=0,0¥RENG=115,3(CV=0,985yPRC=12,5:ETAC=0:0T1

ETATH=0.89,T422160, 9 DPExD. 01, ETAB=0,98,PCBLC=0.01,0PB=0 .02,
PLBLTS=0,0142TITLE=)S

»n
$INPUT TH=2100.%

SEQF

SOATA

TURBOJSEY ~ SINCLE-SPOCL (MO A/B)

SINPUT ALTP=0.04AKM=0,0,WAENG=115.9CV=0.9854PRC=12.5,ETAC=0.87,
ETATH=0.89,T4=2160,40PE=0.01,ETAB=0.98,PCBLC=0.01 .DPB=0.02,
PCBLT4=0.01,ITITLE=1$

$EOQF

TURBOJET — SINGLE-SPOOL (NO A/B)

46




AFAPL-TR-68-88

TURBOJET - SINGLE-SPOOL (NG A/B)

ALTP = 0. AM = 0. va__ = 0.

DELTO = 0.  ETAR = 1.00000 CS = 1116.45
HPEXT = 0.  LCSL = O, THEST EOL T T R
PCBLOW= 0. PCBLOB= O, PCBLNZ= 0. _
PCBLC = 0.01000 PCBLT4= 0.010060 PCBLHP= O, PCBLLP= 0.
PROA = 12.500 B8PR__ = 0. WAENG = 115,00
PRFT = 1.0000 ETAFT = 1.00000 WA24 = 0. WA26 = -0.
PRFH = 1,0000 ETAFH = 1,00000 WA21 = 115,000 BLLCSL= 0.
PRLP = 1,0006 ETALP = 1.00000 WA22 = 115,000  BLHCSL= 0. _
PRC = 12,5000 ETAC = 0.87000 WA3 = 113.850
OPD = 0. DPFH__= 0. DPC__= 0,

PRESSURES IN ATMOSPHERES

Pl = 1,000 TI = 518.67 Hl = 123.92 .
P2 = 1,000 T2 = 518,67 _H2 _ = 123.92 )
P2IH = 1,000 T21 = 518,67 H21 ~ = 123.92
P21L = 1,000
P22l = 1.000 122 = 518.67 K22 = 123.92 BLOW = 0.
P22 =  1.000 S BLOB = 0,
P3 = 12.506 T3 = 1135.75 H3 = 274.91 BLC =  1.150
P4 = 12.250 T4 = 2160,00 Hé = 560,29 WG4 = 115,686
DPE = 0.0200 ETAB = 0.98000 FAR4 = 0.01612 WF& = 1.8355
P4l = 12,250 Tkl = 2150.64 Hel = 557,48  BLT4 = 1,150
P5 = 3.26k 15 = 1623,58 H5 = 408.86 WG4l = 116836
PRTH = 3.7526 ETATH = 0.89000 OPT_ = 0. L
P51 = 3.264 TS1 = 1623.58 HS1 = 408,86 BLHP = 0.
PS5 = 3,265 TS5 = 1623.58 H55 = 408.86_ WG51 = 116.836
PRTL = 0.9998 ETATL = 1.00000 OPE = 0.01000
P56 _ = 3,265 T56_ = 1623.58 H56 = 408,86 BLLP = O,
P6 = 3,232 T6 = 1623.58 H6 = 408.86 WG56 = 1164636
PT = 3,232 TT = 1623.58 H7 = 408.86 WG7 = 116.836
P8 = 3,232 T8 = 1623.,58 H8 = 408.86 BLMOZ ¥ 0.
V9 = 2342.97 TS9 = 1201.48 HSY = 295,82 WGB = 116.836
P24 = 0. 724 = 0. _H24_ = 0.
P26 = 0. T26 = 0.  HZ6 = 0.
P27 = 0. T27 = 0. H21 = 0. WG27 = ~0.
P28 = 0. T28 = 0. H28T =T 0.,  W628 = =0.
V29 = 0. TS29 = 0. HS29 =  O.
FAR4L = 0,01596 FARS51 = 0.01596 FAR56 = 0.01596
- FART = 0.01596 FARE = 0.0Y596 FARZT =-0.00000
HY = 17360.2 HV? =  =0,0 HV27 = =00
CV = 0,98500 V9 = 2342.97 V29 = 0.
FN/WA = 73,984 THG9 = T73.984 THGZ9 = -0,
ETAP = 0. ETATHM= 0. ETAD = 0.
SFCU = U.77866 "FG = B508.2 FRN = B508.2
THIS PROGRAM WAS DEVELGPED BY FUTILITY AIRCRAFT, UNIRC.
COMPONENTS BRANCH TURBINE ENGINE DIVISION

UeSo AIR FORCE AERD PROPULSION LABORATORY
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$DATA
$INPUT ALTP=0.04AKR=0.0yHAENG=115.,CV=0,985,PRC=12.5,ETAC=0.87,
ETATH=0.89,T4=2160.,0PE=0,01,ETAB=0.98,PCBLC=0.01+D0PB=0.02,
IDEL=1,
PCBLT4=0.01,ITITLE=13
CESIGN DERIVATIVE - TURBOJET - SINGLE-SPOOL (NO A/B)

ETAC DELTA 0.0%

PRC PERCNY 0.02

cv DELTA 0.015 PLUS .
T4 DELTA 100.

GOGN

$EOF
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AFAPL-TR-68-88

DESIGN DERIVATIVE -

s

BASE POINT

ALTP = Ce RAri
DELTO = 0. ETAR
APEXT = 0. LtcsL = 0.
PCBLOV= 0. PCBLOB= 0.
PCBLC = 0.,01000 PCBLT4= 0.01000
PROA = 12.5G0 BPR = (¢
PRET = 1.0000 ETAFT = 1.60000
PRFH = 1.0000 ETAFH = 1.00000
PRLP = 1.,0000 ETALP = 1.00000
PRC = 12.5000 ETAC = 0.87000
DPD = Qe DPFH = 0o
PRESSURES IK ATHOSPHERES
Pl = 1.000 T1 = 518467
P2 = 1,000 T2 = 518.67
P2l = 1.000 T21 = 518467
P21L = 1.000
P22L = 1.000 T22 = 518.67
P22 = 1.000
P3 = 12.500 73 = 1135.75
P4 = 12.250 T4 = 2160.00
bPB = 0.,0200 ETAB = 0.98000
P41 = 12.250 T41 = 2150.64
P5 = 3.264 TS = 1623.58
PRTH = 3.7526 ETATH = 0.89000
P51 = 34264 T51 = 1623.58
P55 = 3.265 T55 = 1623.58
PRTL = 0.9998 ETATL = 1.00000
PS6 = 3.265 T56 = 1623.58
P6 = 3.232 T6 = 1623.58
P7 = 3.232 T7 = 1623.58
P8 = 30232 T8 = 1623.58
] = 2342.57 TS9 = 1201 .48
P24 = O T24 = O.
P26 = Oe T26 = O
P27 = C. T27 = Oe
P28 = 0. T28 = O.
V29 = O. TS29 = O
FAR4l1 = 0.01596 FAR51 = 0.01596
FART = 0.01396 FAR8 = 0.01596
Y = 17360.2 HVT = ~0.0
cv = 0.98500 V9 = 2342.97
Fivuin = 73.964 THGS
ETAP = 0. ETATHI=
SFCU = 0.77666 FG

COHPONENTS BRANCH
UeSe

SFC/SFCB = 1.00000

U.
1.00000

HCSL
PCBLNZ
PCBLHP
HAEMG

Haz24e
WA21
Ha22
WA3
oPC

H1
H2
H21

H22

H3
H4
FAR4
H&41l
H5
NPT
H51
HS5
DPE
H56
Hé
K7
HB8
HSS

H24
H26
H27
H28
HS29

FARS6
FAR27
HVZ27
V29

15.984
0.
8508.2

VA
cs

u

115.00

0.
115.000
115.000
113.850
0.

123.92
123.92
123.92

123,92

274.91
560429
0.01612
5570108
408.86
O
408.86
408.86
0.01000
40386
408,86
408.86
408.386
295.82

O.
0.
0.
O.
0.

0.01596
=0.00000
-0.0

0.

THG29

ETAD

Fit
Fli/FuB

TURBDJET - STIMGLE-SPOUL (kO A/B)

0.

111645

PCBLLP= 0.

Bh26 = -0,
BLLCSL= Ce
BLECSL= 4.

!

BLOW = 0.
sLus = 0.
BLC = 1.150
Y64 = 115.686
k4 = 1.4355
BLT4 = 1.150
WG4l = 1164836
5LHP = 0.
U651 = 116.836
BLLP = O
1iG56 = 116.836
HG7 = 116.336
BLMUZ = 0.
HGE = 116.836
HG2T = =0.
“(;28 = -0

~0.

0.

65508.2

1.00000

THIS PROGRA# “AS DEVELOPED BY FUTILITY AIRCRAFT, UiINC.
TURBIIE ENGINE DIVISION
ATR FORCE AERO PROPULSIOM LABORATORY
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AFAPL-TR-68-88

S — e i < e -

DESTGH DERIVATIVE = TURBOJET # SINGLE-SPDOL

- [T S

PO R

151 PERCENT

BaSE POINT. = VARYING ETAC  BY +

ALTP = 0« Ak = Qe

DELTO = Oe ETAR = 1.00000
HPEXT = U. LCSL = 0. HCSL =
PC3LOH= 0, PCBLUB= U PCBLNZ=
PCBLC = 0.01000 -PCBLT4=:0.01000° PCBLHP=
PROA = 12.500 BPR = 0. VAENG =
PRFT = 1.0000 ETAFT = 1.00000 WA24 =
PRFH = 1.0000 .ETAFH-= 1.00000 WA21 =
PRLP = 1.0000 ETALP = 1.00000 %A22 =
PRC = 12,5000 ETAC 2 0.88000. WA3 =
LP = 0. DPFH = C. DPC =
PRESSURES Id AThOSPHERES
PI = 1.000° Tl = 518.67 Hl =
P2 = 1,060 T2 = 5)He67 12 =
P2IH =  1.000 T21 = 518,67 'H2l =
P2iL = 1.000 \
P22 = 1,000 T22 = bHl8.67 H22 =
P22 = 1.000
P3 = 12.500° T3 = 1128.96 H3 =
A = 12.250 T4 = .2160.00 Hé =
BPE = 00200 ETAB = 0.98000 FaR: =
P41 = 12,250 T4l = 2150.58 H4l =
P5 = 3,323 T5 = 1629.81 :H5 =
PRTH = 3.6861 ETATH = 0.69000 DPT =
P51 =  3.323 T51 = 1629.8) H51 =
PS5 = 34226 T55 = 1629.81 H55 =
PATL = 0.9965 ETATL = 1.00000- DPE =
P56 = 34324 T56 = 1629.81 H56 =
P6 = 3,291 Té ='1629.81 HO S
P = 34,291 T7 = 1629.81 H7 &
PS =  3.291 T8 = 1629.81 H§ =
Vo = 2262.684 TS$S9 = 1200.73 HS9 =
P24 = 0. T26 = 0. H24 =
P26 = 0. 26 = Ce H26 =
P27 = U, 271 = 04 HIT =
P2 = 0. J28 = 0. H28 =
V29 = U T$29 = 0. H$29 =
FAR4l = 0.0l606 FARSY = 0.01606 FARS6 =
EART = 0.01606 FAR® = 0.0l606 Fak27 =
HY = 17360.2 HV¥7 = -0.0 V27 =
cv = 0.,96500 V9 = 2362.86 N29 =

Fl/MA = 74.61S THGO = 74,619

ET4AP = 0. ETATHE= O.

SFCU = 0.77487 “FG = 855142

SFC/SECR = 0.99770

vA
CcS

115.00.

0.
115,000
115,000
113,650
0.

123.92
12392
123492

123.92

273.1¢
560.35
0.,01622
557453
410.61
O
410461
410.61
01000
410461
410.61
41046),
41C.61
295 .65

0.
Oe
Oe
0.
0.

0.01606
-0.00000
“000

O

THG29

ETAQ

Fi
Fie/FNB

AND A/B)

(DELTA =

nwnpn

‘0.
1116445

0.010)

PCHLLP= 0.

HA26
ELLCSL
BLHCSL

LLOY
pLOB
BLC
HG4
HF4
BLT4
HG4 Y

oLkP
1GS51

BLLP
UG56
W67
BLAOZ
-G8

He27
HG28

=0.

0.

8581.2
- 1400855

ot u

~0Oe
s
O

.Q.
O.

1.150°

115.697
1. 8470

1.150
1164847

0.
116.847

0.

'116.847

116.847
O
116.847

“0.
-0

THIS PROGRA4 BAS UEVELGPED oY FUTILITY AIRCRAFT, UMINC.
TURBIME EMGINE DIVISION
UeSe AIR FORCE AERU PRUPULSION LABORATORY

CONPORENTS bRAMCIH
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g
: AFAPL-TR-68-88 L g
=4 {
" b,
| g
# BESIGH DERIVATIVE = TUKBUJET ~ SINGLE~SPOOL (kG A/B) ;o
A BASE POINT ~ VARYINME ETAC  BY = 1.1 PERCERT (DELTA = 0.010) .
o ALTP = Co mr = 0. VA = 0. by
C DELTO = 0. ETAR = 1.00000 €S = 1116445 b
Sy . . . b
' HPEXT = .0, LCSL = 0. HCSL = 0. v
; ( PCALOKME O. PCHELOB=E O PCBLRZ= O, by
! : PCBLEC = 0.01000 PCHELT4= 0.01000 PCBLHP= 0. BCALLP= 0. by
9 ' PROA = 12.560° BPR = O HAEWE = 115,00 P
i ]
. PRET. = 1.,0000 ETAFT = 1.00000 WA24 = 0. HAZ6 = =0, b
i PREH = 1.0060 ETAFHE = 1.00000 ¥A2Y = 115.000  BLILCSL= 0. O
1 : PRLP = 1.0000 ETALP = 1.00000 WA2Z = 115,000 GLHCSL= O o
ST PRC = 12,5000 ETAC = (.86600 bA3 = 113.850 J
A PP = 0. OPFH = 0. DPC = 0. o
X 3
S PRESSURES It ATHUSPMEKRES. 3
. Pl = 1.000 Tl = ‘5T8.67 HL = 123.92 y
| P2 = 1.000 T2 = 518.67 H2Z = 123.92 E
4 P21H =  1.000 T21 = BS5l8.67 H2l = 123.92 S
3 P2IL- = . 1,000 , |
v 4#22L = 1,000 T22 = blB.67 H22 123.92 ol = 0. , -
o P22 = 1,000 BLUE = 0. "
foe »3 = 12,500 T3 = 1142,70 H3 = 276467 KLC = 1.150° ;
oo B4 = 12,220 T4 = 2160.00 H4 = 560022 L6 = 115.674 y oy
1 DBE = 0,0200 ETAS = 0.v3600 FAré = 0.01602 “F4 = 1.5238 &
3 PEl = 12.25G T4 = 2150.62 H&l = 55T7.43  SLT4 = 14150 -
. P5 = 3,205 TS = 1617.200 K5 = 407.06 UBLL = 116,824 £
l ? PRTH = 3.8222 ETATH = (89000 DPT  =.0. ) 4
T P51 .= 3,205 T51 = 16l7.20 HAL = 4uT.06  BLREY = 0, L
PES = 3,205 T55 = 1617.20 HB5. = 40T.06  HG51 = 116.824 ,
. PRTL = 0.9998 ETATL = 1.00000  DPE = G.01000 3
. P56 = 3,205 TS6 = 1617.20 H36 = 407.06  LLLP = O, P
L P6 = 3.73 T6 = 1617.20. Hb = 407,06 156 = 116:324 -
0o P7 = 3,173 T7 = 1617420 P = LQT.06 WGT = 1l6.H24 b3
i ps = 3.173 TY = 1617420 .8 = 407,06 BLYL =0, T
‘ : V9 = .2322.44 TS89 = 1202.26 HSY = 296,00  RGE = 1164124 -
* , P24 = O TZII = Qe H24 = Qe F
: P26 = Q. T26 = Ue HZ26 = 0. .
§ P27 = (. T27 = Ue K27 = 0. 2B27 = -u. o
! P25 = V. T28 = {te K2 = 0. TR = -0, b
' i vzy = l‘)_’ TSZ2v = U HS29 = (e )
%. § FAR4Y = 0,01586 FARS1 = 0.,01586 FAaRS56 = 0.013%6 .
o FART = 0.01586 FARE = 0401556 FARZT =+0.0C000 i
: t HY = 17360.2 HYT = “0.0 K27 = -0.¢ -
ﬁ ! CV = 0.98500 VO = 2322.44 V2¢ = 0. LA
t A
r F/lh = 73,328 TRGY = T332k THG29 = -u. L
i STaP = v, ETaTHI= 0, ETAL = 0. "
I SFCU = D.77259 k6 = (p432.5 Fr = t432.0 ;
S SEC/SFCH = 1.00240 FH/FNE = G.49104 .
S THIS PROGRAN “naS DEVELLPED BY FUTILITY ATRCIAET, U-InC. P
;1 COMPONEWTS oRaMCI TURRIS E BAGL F DIVISIOe b
h : H,Se AIR FURCE AERU PROPULSTHR LLZURFTURY -
o ]
f ? B
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AFAPL-TR-68-88.
DESIGK -DERIVATIVE - TURBOJET = SINGLE~SPOOL (6N 4/3)-
BASE POINT = VARYING -PRC BY + 2.0 -PERCENT (DELTA = (,250)
ALTP = Go Ak = 0% Vi = Co
DELTO = 0. ETAR = 1.00000 CS 2 1116s45
HPEXT = 0. LCSL = O, HCSE = 0.
PCBLOK= 0, PCELOB= .0, OCBLN= (e o
PCBLC = 0.,01000 PCBLT4= 0401000 PCBLHP= 0, FCuLLLE= O,
PRUA. = 12.750 EPR = 'C. HAERG = 11lbe00
PRET = 1.0000 ETAFT = 1300000 BA26 = 0. Hn26 = =0,
PRFH = 1.0000 ETAFF 3 Leu0000 #A21 = 115.000 wllCSL= O,
PRLP = 1400060 ETALP = 1.00060 #A22 = 115.0000 LLHCIL= G,
PRC = 12.7500, FTAC = 0.87000 #n3 3 113.550
DPD = 0s ! veRrt = c. DEC = 0.
PRESSURES IN ATHOSPHERES
Pl = 1,006 T1 = blRe67 k1 = 123,42
P2 = 1,000 T2 = b14.67 K2 = 12%.42
P21H = 1.000 T21 = 518.67 k21 = 123,92
P2iL = 1,000 ]
P22l = 1.000 T22 = 518.67 h22 = 123.92z bBLUE = U
P22z = 1.0u0 L = Je
P3 = 1Z.750 T3 = 1142.29 K3 = 276456  ~LC = lJl50
P4 = 124495 T4 = 2160.00 Hé = 580,22 4G4 = 115.674
DPE = 0.0200. ETAL = QeYBULO  Faké = 0.,0L603  “F& = l.a24%
P&l = 12,495 T4l = 2150,69 H&)l = 557,43 BLT4 = 1,130
PS = 3,273 Tb 3617407 43 = 407,17 G4l = llklhina
PRTH = 3,8Ll8) £TaTH = 0.8%000 19T = 0,
‘BSL = 3e2¥3 T3L = 1017.37 ESL = 4077 alHP = 0.
PS5 = 3,273 153 = lol¥eS88# B55 = AGT.1T w65l = libe#zs4:
PRTL = (.9598 ETATL = 1.00000 DPE = G,01000
. P56 = 3,275 TH6 = Y6lT.58 b6 = &UTJIT wllP = 0,
Pa = 34240 V6 = 1617.08 16 = 407,17 656 = 116.824
b7 = 34260 VT = )6LT.5¢ HT EO4GT6LT VBT 2 J16.b24
Py = 34240 Ta = 1617438 Mo = 4uT.17  BLWHZ = (.
V9 = 2340.60 TSY = 1195.96 HSY = 294436 HGH = 1lbeit24
?24 = .Uo Téa = (ie HZG = (e
P26 = Ue 726 = O -H26 = Ve
27T = G, 27 = Uo HEY = De Ue2Y = <.
P28 = 0. 28 = O Hzd = 0o LG2H = =0
V29 = U TS29 = Go 1§29 = De
FARGL = 0,01587 FARS1 = 0,01587 FaRbo = 0.013587
FART = 0.,01587 FARE = DJ0IBET  FARZY ==0.00000
Hy = 17360e2 HVT = “NeU HY2T = SN
cv. = U.yb500 VY = 2340.60 V2¢ = ",
FM/MA = 73,902 THL? = T3.90z THG2¢ = -0,
ETAP = 0. eTATH = 0, ETA = (i,
SFCU = 0,77283  FG = f4%en Fr = 8494,
SEC/SFCBE = 0,98507 FofFil = (,9932¢
THIS PRUGRAR “AS DEVELGP=D 8Y FUTILITY ATRCHAET, URTiC.
COMPUNENTS BRAVCH TURI=E FH@Iwk HIVISIG
HeSe AIR FURCE nFRO PRUPULSTUM LA BATIKY
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E; ¥ .AFAPL-TR-68-88
. -
..‘ H oy
. ¥
‘. DESIGN DERIVATIVE ~ TURBOJET ~ SINGLE=SPOOL (MO A/B) : .
v BASE :POINT - VARYING -PRC BY = 2.0 PERCENT {DELTA = 0.250) > 3
4 ! ¢
Fg 2 ALTP = O A":‘ = Oe VA = 0? .
j DELTO = O. ETAK. = 1.00000 €S = 1116.45 ¢
i .
o HPEXT = 0.  LCSL = 0. HCSL = .0 i
. PCBLOY= O. PCBLUB= O PCBLNZ= 0. e
S PCBLC = 0.01000 PCBLT4= 0.01000 PCBLHP= 0. PCBLLP= 0. (.
; i PROA. = 12.250 BPR £ 0. HAENG = 115,00 i & :
f [l
3 PRET = 1.0000 ‘ETAFT = 1.00000 YA24 = C, WA26 = -0, ‘
. PRFH = 1,0000 ETAFH = 1.00000 A2l = 115,000 BLLCSL= 0. :
- PRLP° = 1.0000 ETALP = 1.00000 ¥A22 = 115.000 :BLHCSL= O, f
. PRC = 12,2506 ETAC = 0.87000 HA3 = 113.850 '
. DPD- = O, DPFH  =-0. DPC = 0.
— PRESSURES IN ATHOSPHERES \
. PY = 1.000 T1 = 518.67 Hl = 123.92
P2 = 1.000 T2 = 518.67 H2 = 123.92
P21H = 1,000 T2l = 518467 H2l = 123.92
P21L =  1.000 )
P22L = 1,000, T22 = 518,67 H22 = 123,92 BLOK = 0. .
P22 =  1.000 A BLUB = 0.
P3 = 12.250 T3 = 1129.11 H3 = 273,23 bHLC = 1.150
P4 = 12.005 T4 = 2160.00 -H4 = 56035 VG4 = 115,697
DPB = 0.,0200 ETAB = 0+98000 FARG = 0.01622 WF4 = 1.8468
P41 = 12.005 T4l = 2150.58 H4l = 557.53 BLT4 =  1.150
PS5 = 3.256 T5 = 1629.67 H5 = 410457 H641 = 1164847 |
PRTH £ 13,6875 ETATH = 0.89000 OPT = 0% K
P51 = 3.256 TS50 = 1629.67 H51 = 410.57 BILHP = 0. 3 %
P55 = 3,256 T55 = 1629.67 H55 = 410.57 HG51 = 1164847 b
PRTL = 0.9998 ETATL = 1.00000 DPE = 0.01000 \
P56 = 3,256 T56 = 1629+67 HS6 = 41057 BLLP = 0. ,
P6 = 3,224 T6 = 1629.67 H6 = 410457 4G56 = 116.847 .
PT = 3,224 T7 = 1629.67 H7 = 410.57 MGT = Yl6.847 . 4
P8 = 3.224 T8 5 1629.67 H8 = 410.57 BLHOZ = 0. : .
V9 = 2345,19 TS9 = 120T7.14 HS9 = 297.33 HG& = 1164847 |
P26 = 0. T24 = 0. H24 = 0 . ‘
P26 = 0, 126 = O H26 = Oe -
P27 = 0. T27 = 0. H27 = O €627 = =0, |
P28 = 0. T28 = 0. H28 = 0. 628 = =0, -
v29 = 0. TS29 = 0. HS29 = 0.
FAR41l = 0.01606 FARS51 = 0,01606 FARS6 = 0.01606
FART = 0,01606 FAR8 = 0.01606 FAR27 =-0.00000
HY = 17360.2 HV? = -0.0 HV27 = -040 ;
cv = 0:98500 V9 = 2345.19 V29 = 0. 1
FN/BRA = 74,061 THG9 = 74,061 THG29 = =0, . D
ETAP = 0. ETATHW= 0, ETAD = 0. b
SFCU = 0.78060 F6 = 8517.0 FN = 8517.0 :
SFC/SFCB = 1.00507 FN/FNB: = 1.00104
THIS PROGRAH WAS DEVELOPED 'BY FUTILITY AIRCRAFT, UMINC.
COMPUMENTS BRANCH TURRIRE ENGINE DIVISION ‘
UeSe AIR FURCE AERG PRUPULSIOM LABORATORY ‘
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AFAPL-TR-88-88

DESIGH NERIVATIVE - TURBOJFT = STHGLE-SPOOL

BASE POINT = VARYING CV BY +
ALTE = O Al =
DELTO = 0. ETAR =
HPEXT. = 0. Lcst = 0,
PCBLUL= Q. PCBLOB= 0.
PCBLC ='0,01000 PCS5LT4= 0201000
PROA = 12.500 BPR = 0.
PRET = 1.0000 ETAFT = 1.00000
PRFH = 1.0000 ETAEH = 1.00000
PRLP = 1.00t0 ETALP = 1.00000
PRC = 12.5000 ETAC = 0.87000
DPD - = 0. DEFH = 0.,
PRESSURES It ATHOSPHERES
Pl = 1,060 T1 = 518.67
P2 = 1,000 T2 = 51B.67
P21H = 1,000 T21 = 318.67
P2IL = L.000
P22L = 1.000 722 = 518.67
P22z = 1.000
P3 = 12,500 T3 = 1135.7%
P = 12,250 T4 = 2160.00
DP8 = 0.02060 ETAB =.0.98000
P41 = 12,250 T4l = 2150.64
Ps = 3,264 T5 = 1622458
BRTH = 3.7526 ETATH = 0.29000
Pl =  3.264 T51 = 1623.58
P55 = 34265 T5%5 = 1623.58
PRTL = 039998 ETATL = 1.00000
F56 = 3,265 T56 = 1623.58
P& = 3,232 Té = 1623.58
P7 = 3,232 T7 = 1623.58
P8 = 3.232 T8 = 1623.58
V9 = 2378,65 TSY .= 1201.48
P24 = 0. 246 = 0,
P26 = 0. T26 = O
P27 = Ue T27 = O
P28 = 0. T28 = VA
V29 = 0. Is29 = O.
FAR4L = D.01596 FAR51 = 0.01596
Far?T = 0,01596 FARB = 0401596
HY = 17360.2 HV7 = -0.0
cv = 1,00000 V9 = 2578:65
FN/ZUA = 75,111 THGY: =
ETAP = 0. ETATHil=
> SECU = 0.76501 FG =
SFC/SFCBR = 0.98500

(k0 A/B).

1a% PERCENT (DELTA = 015}

O, VA = 0.
1.00000° CS = 1116e45
HCSL = 0.
PCBLNZ= 0.
PCBLHP= 0. PCELLP= 0,
HAENG- = 115,00
HA24 = 0. Wia26 = <=0.
YAZL = 1154000 BLLCSL= O
WA22 = 115.000 BLHCSL= 0.
‘WA3 = 113.85%50
GRC = 0«
‘H1 = 123.92
H2 = 123.92
H21 = 123,92
H22 = 123,92 BLOW = 0.

: 3LUB = O
H3 = 274.91 BLC = 1.150
H4 = 560.29 1G4 = 115.686
FARG = 0401612 WF4 = 1.8355
-H&4l = 557.48 BLT4 = 1.150
HS = 408.86 HG4L = 116.836
DPT = 0.
H51 = 408,86 BLHP = 0.
H55 = 40R.86 PG5 = 116.836
DPE = 0.01000
H56 = 408.56 BLLP = 0,
H6 = 408.86 U656 = .16.836
H7 = 408.86 KG7 = 1164536
H& = 408.86 BLMUZ = 0.
HS9 = 295.82 bG8 2 116.836
H24 = Oe
H26 = 0.
H27 = O. UG27 = -0
H28 = 0. uG28 = =0,
HS29 = 0.
FARS6 =:0.01596
FAR2T =-0,00000
HV27 = =00
\74’) = O

75. 111 THG29 = =0,
0. ETAD = 0.

FM/FUR = 1.01523

THIS PROGRAM HAS DEVELOPED BY FUTILITY AIRCRAFT, UNINC.
TURBRINE ERGIVE DIVISIQi
HeSe AIR FORCE AERU PRUPULSION LASDRATURY
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AFAPL-TR-68-88

BASE POINT = VARYING T4 BY +
ALTP = 0. Al =
DELTO = 0. ETAR =
SHPEXT = 0. LesL = 0.
peBLOV= 0, oCBLNE= 0.
PCBLC = 0.010C0 PCBLT4= 0.01000
PROA™ = 12.5C0 BPR =  G.
PRFT = 1.0000 ETAFT = 1.00000
PRFH = 1,0000 ETAFH = 1.00000
PRLP = 1,0000 ETALP = 1.00000
PRC = 12.5000 ETaC = 0.B7000
bPO = 0. DPFH = 0.
PRESSURES 1% ATHGSPHERES
31 = 14000 T1 = 516.67
P2 £ 1.000 T2 = 518.67
P2lH =  1.000 T21 = 3518467
P21L = 1l.000
P22L = 1.000 T22 = 518.67
P22 = 1,000
P3 £ L2.500 T3 = 1135.7Y%
B4 = 12,250 T4 & 2260400
DPE = <0.,0200 ETAR = 0.96000
PHL = 12.250 Tel = 2249,79
5 = 34512 T3 = 1729.95
ERTH =  3.487H% ETATH = 0.39000
P51 = 3,512 Thl = 17Z6.9%
P55 = 3,513 T55 = 1729.96
PRTL = 0.9%96 ETATL = 1.00000
P56 = 3,513 T56 = 1729.9¢
F6 = 3,478 T6 = 1729.96
P = 3,478 77 = 1729096
P8 = B.hTR T8 = 1729.96
V9 = 2484.42 TS9O = 126).29
24 = 0. 124 = e
p?.b = e T?.6 = e
P27 = U T27 = O
?28 = Ue TZS = [
V29 = O 1829 = O
FAR&l = 0,01768 FARS) = 0.01764
FART = 0.01768 FAR8 = 0D.,01768
HY = 17280.5 WY = —0.0
(Y- = 0.98500 V9 = 2664 42
Ful/MA = TR.563  THGY =
ETAP = 0. ETRTHM=
SFCU, = 0.80996 F¢ =
SFCASFCE = 1.042z48

PR S -

El

-3

DESIGH DERIVATIVE - TURBOJET = SINGLE-SPOOL

446 PERCENT
O Vi
1.0000G6 CS
HCSL = 0,
PCBLNZ= 0.
PCELHP= 0.
WAENG = 415600
".'f\?.lf = 0'
VA21 = 115,000
YA22 = 115.000
MES = 113.850
-DPC ERN
Hl = 123.92
‘H2” = 123.92
HZ1 = 123.92
H22 = 123.92
H3 = 274,91
Hé4 = 590,53
FARY = 0,01736
K4l = 58T.42
H5 = 439,05
DPT = Q.
H51 & 439.0%
K55 = 439,05
DPE = (1,0)000
456 = 439,09
156 = 439,08
H7 = 430,05
Hb = 439,05
HS9Y = 31).96
H24 = O
K206 = Go
H27 = (e
Hz8 = e
829 = (e
FARSG = (.01764
FRIZZ2T ==0.00000
A”V?." = -} o0
V2¢y = U
T8.563 THiE29
Ue ETAU
9“37.1 FA"
Fi/Fus

(W0 A/B)

PRp—

(DELTA =100.000}

= 0.
= 1116.45

PeBLLP=

HA26 =
SLLCSL=
BLECSL=

SLOw
gLUB
[N
LG4
1F4
BLT4
11:4)

BLHE
1]

BLLP
;56
UG7
b0z

G2

HG2T
G2y

-(l.
Q0357.1
1.”[‘3217

n

N Hun

0.

(e
Oe

0o
Go
14150

115,683

200333
14150
1174023

Oe
117.033

Qe

TEIS PROGRAM LWAS DEVELUPEL BY FUTILITY AIRGKAFT, UlinG.

COrPUNENTS BRANCH

TURRB I BBk DTIVISIu
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BASE PUINT - VARYING T4 BY -
ALTP = . AR =
DELTO = 0. ETAR =
HPEXT = 0. LCSL = 0.
PCaLLY= ‘0. PCBLOB= 0.
PCBLC = .0.01006 PCBLT4= 0.01000
PRUA = 12.,500- BPR = 0,
PRFT = 1.0000 ETAFT 2 1400000
PREH = 1,0000 ETAFH = 1.00000
BRLP = 1,0000 ETALP = 1400000
PRC = 12,5000 ETAC = 0.&700U
pPe = O, UPFH = 0.
PRESSURES IN AThUSPHERES
Pi = 1.000 T1 = 518.67
P2 & 1,000 T2 = 515.67
P21H. = 1,000 T21 = 318.67
P2IL = 1.000
P22L = 1,000 T22 = 518.67
P22 = 1,000
P3 = 12,500 T3 = 113%.75
P4 = 12,250 T4 = 2060.00
DPB- = 0,0200 ETAB = 0.98000
P41 = 12,250 T4l = 2051.49
PS5 = 3007 T5 . = 1ol6.82
BRTH = 4.074Y ETATE = 0..85000
PS1 = 3.007 T51 = i516.82
P55 = 3,007 T35 = 13516.82
PRTL. = 0.9998 ETATL = Y.000C0
P56 =  3.007 T56 = I516.82
P6 = 2,977 Té = 1516482
P7 = 2,977 TY = 1516.62
P8 = 2,977 T8 = 1516282
V9 = 2192.59 189 = 1142,38
P24 = U, T26 = Go
P26 = . 1260 = Oe
P21 = 0. 127 = 0.
P2y = 0 Tz = KN
V29 = Ue fS?.Q = 00
FAR4L = 0.01427 FAR5). = 0.01427
FART = 0.01427 FAR8 = 0.01427
HY = 17438, HYT = ~0.0
cv = 0.98540 VY = 2192.59
Fra/Wi = 69.120 THG9 =
ETAP = 0. ETATHn=
SFCU = 0.74323 F6G =
SFC/SFCB = 0.95695

4 o6

0.
!. « (0000

HCSL
PCRLINZ
PCBLEP
HAENG

ot

WA24
WMAZ1L
"A22
BA3
ppPC

noaaronon

Hl
H2
HZ1

fhun

H22

K3
K4
FARG.
Ha)
S
DPT
H31
H55
DPE
K56
Hé6
H7
HE
HS9

HZ24
H26
H27
HZ8
H$29

FARS6
FAR27
HV27
V29

64,120
Os
194848

DESIGN DPERIVATIVE = TURBOJET ~ STNGLE-SPRGL

PERCENT

VA
cS

0.
O
0.

ARL A/3):
{(DELTA =1CG.000)

115.00

0.

115.000

115.006
113.850

O

123,92

123,92

123.92

123.92

G..

De
[0S
Oe
0.
c.

274.91
530445
0501441
527.93
379.06

379.06.
379.06
0.01000
379406
379.06
379.06
579406
260,07

0.01427
=G .00000

=0

Q.

THG29

ETAQ

Fiy
Fi/FidR

)

oy H

Oas
1116445

FCBELLP=

HAZ6 =
BLLCSL=
BLHCS L=

BLOY
ALO8
sLeC
HG4
uF4
B8LT4
U641

wowown o n

BLHP
HGS1

ELEP
11R56
W67
BLEOZ
YGH

w627
G286

-0
O.
79488
0.93426

[P

-0 .
0%
Ue

()o

0.
1150
115.'{5‘1‘1
l.641)
1:150
1164641

0..
116,641

0.
rllb.("'l
1164641
O.
116.641

"09
-0,

THIS PROGRAM WAS DEVELOPED BY FUTILITY AIRCRAFTy UMINC.
COMPORENTS 3RANCH

TURBINE ENGIME DIVISTON
UeSe AIR FORCE AERO. PRUPULSIUM LABNORATURY
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AFAPL-TR-68-88

$DATA
SINPUT ALTP=0.0,AH=0.0,PRES=14.6964HAENG=120.,4CV=0.985,

PRLP=3.04yPRC=4.0,ETALP=0,83,ETAC=0.81,ETATH=0.88+ETATL=0.89,
T4=2000,,DPE=0.02+:E£TAB=0,97,PCBLOW=0.01,PCBLC=0.0075,
DPB=0.04,PCBLT4=0.0075,ITITLE=1S
TURBOJET -~ TWO-SPOOL
SINPUT T4=2050.9T7=3250.4ETABAB=0.87,DPBAB=0.0954TAFTBN=1,1TITLE=15
TURBOJET = TWO-SPOOL (WITH A/B)

SEOF
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1
X TURBUJET = TUO-SPIGL
j{ ALTP = Os At = 0. VA = 0o
Lt DELTO = 04 ETAR = 1.00000 CS = 1116445
B WPEXT = 0. LCSL = O. HCSL = 0.
: PC3LOY= 0.01006 PCHLOB= 0. PCBLNZ= 0. ,
’ PCHLC = 0.00750 PCBLT4= 0.00750 PCBLHP= 0. PCHLLP=
! PRUA = 12,000 BPR = O, WAENG = 120.00
PRET = 1.00G0 ETAFT = 1.00000 WA24 = 0. HA2S5 =
PKFH = 1,0000 ETAFH = 1.00000° %a2l = 120.000 B3LLCSL=
PRLP = 3,0000 ETALP = 0.83000 WA22 = 118.800  SLHCSL=.
PRC = 4.0000 ETAC = 0.81000 YWA3 = 117.909
! DPD = 0. DPFH = 0. DPC = 0.
] PRESSURES IN LBS/SC IKCH Exy
Pl = 144696 Tl = 518.67 Hi = 123.92 S
PZ = 144696 T2 = 518,67 H2 = 123.92 B
P2IH = 144696 T21 = 518.67 H2l = 123,92 o
I PZIL = 14,696 :
. P22L = 44,088 T22 = 748.82 H22 = 179.28 BLOY = 1,200 .ol
: P22 = 44.088 BLOB = O, s
) P3 = 1764352 T3 = 1182.02 H3 = 286.64 BLC = 0,891
i P4 = 169.298 T4 = 2000.00 Hé = 512.4) WG4 = 119.424
DPB = 0.0400 ETAB = 0.97000 FAR4 = 0.01285 HWF4 = 1,5151
: P41 = 169.298 T4l = 1994.32 H4l = 510.73 BLT4 =  0.891
: P5 = 62.783 T5 = 1613.52 HS = 404,73 1G4l = 1204315
‘ PRTH = 2.6965 ETATH = 0.88000 DPT = 0.
PSL = 62,783 T51 = 1613.52 H51 = 404,73 BLHP = 0.
PS5 = 344304 T55 = 1408.84 H55 = 349,51 HG51 = 1204315
PRTL = 1.8302 ETATL = o.aqooo DPE = 0.02000
P56 = 34,304 T56 = 1408. H56 = 349,51 BLLP = 0. ;
P6 = 33,618 T6 = 14086, 84 H6 = 349,51 1656 = 120.315 R
P7T = 33,618 T7 = 1408.84 H7 = 349,51 HG7 = 120:315 ;
P = 33.618 T8 = 1408.84 H8 = 349,51 BLMOZ = 0. ;
. V9 = 1867.23 TS9 = 1134.67 HS9 = 277.72 NG8 = 1204315 3
P24 = 0. T24 = 0. H24 = 0. 4
P26 = 0. T26 = O H26 = 0. 4
P27 = 0, T27 = 0. H27 = 0. W627 = -0, ¥
P28 = 0, 726 = 0. H28 = 0. HG28 = ~0.
v29 = 0. TS29 = 0. HS29 =  O. )
FAR4L = 0.01275 FAR51 = 0.01275 FAR56 = 0.01275 o
FAR7 = 0.01275 FAR8 = 0.01275 FAR27 =-0.00000 b
HY = 17484,7 HVT =  =0,0 HV27 =  -0,0 ) ﬁ
CV = 0.98500 V9 = 1867.23 V29 = 0, .
FH/ZHA = 58.188 THG9 = 58.188 THG29 = -0, ‘ i
ETAP = O, ETATHN= 0, ETAD = 0. ° b
SFCU = 0.78114 FG = 6982.5 FN = 6982.5 4
THIS PROGRAM YAS DEVELOPED BY FUTILITY AIRCRAFT, UNINC.
‘ COMPOMENTS BRANCH TURBINE ENGINE DIVISION
: UeSe AIR FORCE AERO PROPULSION LABORATORY
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TUKBUJET - THO-SPOUL (WITH A/B)
ALTP = O Ab = Qo VA = O
DELTO = (1% ETAR = 1.00000 CS = 1116445
HPEXT = 0. LCSL = 0. HCSL = O
PCBLOY= 0.,01000 PCBLUB= O PCBLNZ= O.
peslc = 0.00750 PLAELT4= 0.00750 PCBLEP= O, PCOLLP= G
PROA = 12.000 38PR = 0o PBAENG = 120.00
PRFT = 1.0000 ETAFT = 1.,00000 A24 = Qe HA26 = ~0O.
PRFH = 1.0000 ETAFH = 1.,00000 vAZl = 120,000 BLLCSL= Oe
PRLP = 3,0000 ETALP = 0.83000 HHA22Z = 118.300 BLHCSL= 0.
PRC = 4,0000 ETAC = 0.81000 WA3 = 117.909
DP“ = Qe UPFH = Qo DPC = 0o
PRESSURES 14 LBS/SO INCH
Pl = 14,696 T1 = 318.67 Hl = 123.92
P2 = 14.696 T2 = H18.67 42 = 123.92
P21H- = 14.656 T21 = 518.67 #H21 = 123.92
P2IL = 14.696
P22L. = 44,088 T22 = T48.82 H22 = 179.28 eLaM = 14200
p22 = 44,088 BLOB = Q.
P3 = 176,352 T3 = 1182.02 H3 = 28b.H4 3Le = 0.891
4 = 169,298 T4 = 2050.00 H4 = 52714 (4213 = 119.524
OPb = 0.0400 ETAS = 0.,97000 FARG = (01370 wFL = l.6152
P41 = 16%.298 T4l = 20463.98 H&L = 525.37 BLT4 = 0.891
P3 = 644625 T5 = 1665.89 ES = 419445 W41 = 1204415
PRTH = 246197 ETATH = (.53000 OHPT = e .

. P51 = 644625 TH1 = 166%.89 HS1 = 419,45 BLEP = Oe
pss = 36,074 T35 = 1462492 H55 = 364.28 LE3L = 12064415
PRTL = 1.7915 ETATL = 0.K9000 DPE = (.02000
P56 = 36,074 TH6 = 14662.92 H56 = 264424 SLLP = Oe
P6 = 33,352 Té = 1462.92 Hb6 = 364428 HG56 = 1204415
P7 = 31,994 T7 = 3250.0C H7 = 927.36 uwe7 = 1264771

* X A/B % % ETABAB= 0.E87000 DPBAE = C.09500 uk7 = 4,3554
] = 314994 T8 = 324%.99 H8 = 97274306 BLegZ = O
V9 = 2790.,61 TS89 = 275132 HSY = T767.01 IGH = 124.771
P24 = 0. T24 = Oe k24 = O
P26 = Oe T26 = Oe H26 = Qe
P27 = (V1S T27 = 0O H27 = O w621 = =0,
P28 = Ue 728 = Ce H24 = (129 128 = -0
V29 = Oe TS29 = Ce HSZ9 = 0.
FAR4L = 0.,01360 FARS51 = 0.01360 FARS56 = 0.01360
FART = 0.05026 FARS = 0,05026 FAR2T7 ==0.00000
HV = 17446.2 HV7 = 16n44,6 HVZT = =0 .0
cv = 0,98500 V9 = 2790.61 V29 = 0.
FR/HA = 904,183 THR9 = 90,183 THG29 = =(0.
ETAP = 0. ETATHRn= 0. ETAUD = Q.
SFCU = 1.,98617 FG = 10822.0 Fui = 10622.0

THIS PROGRAN YWAS DEVZELOPED BY FUTILITY AIRCRAFT, UMIMC.
COMPONENTS BRANCH TURBINE ENGIRNE DIVISInM
UeSe AIR FURCE ALRO PROPULSIUN LABORATORY
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q
{ SDATA .
4 SINPUT ALTP=25000.5AK=0.75,DELT0=10,,PRES=14.6964
| WAENG=100. 9 BPR=2.0¢CV=0,985,DPD=0.01,
J PRFT=245,PRC=8.04ETAFT=0.849 ETAC=0.85)ETATH=0.90yETATL=089,
i T4=2100,,BPT=0,0015,0PE=0.0155 ETAB=0.965,DPB=0.02,1TITLE=1S
4 TURBOFAN — AFT-FAN (1E, CF-700 TYPE)
s SEUF
i
J
i
4
¥
]
]
%
1]
i
3
Z
;
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AFAPL-TR-68-88 3
' q
i j
s ;
; TURBOFAK ~ AFT-FAN (IE; CF-700 TYPE) I
? , ALTR = 25000. #&H = 0.7500 VA = 771.26 L]
' DELTO =  10.6C - ETAR = 1,00000 CS = 1028.35 N
HPEXT = 0.  LCSL = 0. MCSL = 0. T
PCBLON= O, PCBLOB= 0. PCELNZ= 0. e
§ PCBLC = 0. PCBLT4= 0. PCBLHP= 0. PCHLLP= 0.
1 PRUA = 8.000 BPR = 2,000 HAENG = 100.00 y
! =
K PRET = 2.5000 ETAFT = C.E4000 WA24 = 66.367 WA26 = 664667 13
: PRFH = 1,0000 ETAFH = 1.,00000 WA21 = 33,333 BLLCSL= 0. P
i PRLP = 1.0000 ETALP = 1.00000 %4A22 = 33.333 BLHCSL= 0. o
, PRC = B8.0000 ETAC = 0.85000 A3 = 33,333 o 12
| DPD = 0.01000 DPFH = 0. pPC = 0. T
1 PRESSURES IN LBS/SO INCH - Fo
i Pl = 5,454 Tl = 439.52 Hl = 104.98 - 2
i P2 = 7.921 T2 = 489,18 H2 = 116.86 o
x P21H =  7.921 T21 = 489,17 H2l = 116.86 L
! PZIL = 7,921 e
; P22L = 7.921 T22 = 4B9.17 H22 = 116.86 BLOU = G i
f P22 =  7.921 BLOB = 0. i
1 P3 = 63.367 T3 = 951,68 H3 = 228.91 BLC = 0. ,
! P4 = 62,100 T4 = 2100.00 44 = 544,02 HG4 = 33.923 {3
i DPB = -0.0200 ETAB = 0.985G0 FAR4 = 0.01770 HF& = 045900 |
P41 = 62.100 T4l = 2099.99 H41 = 564,02 ELT4 = 0. £y
; PS = 24,020 T5 = 1711.48 HS = 433.92 HG4l = 33.923 f 3
) PRTH = 2,5853 ETATH = 0.90000 OPT = 0.00150 R
o P51 = 23,986 TS50 = 1711.48 HS51 = 433,92 BLHP = 0, ]
PS5 = 10.005 T55 = 1411.21 H55 = 351.83 WG51 = 33.923 i .
PRTL = 2.3973 ETATL = 0.89000 OPE = 0.01500 b
; P56 = 10.005 756 = 1411.21 HS56 = 351,83 BLLP = 0. T
i P6 = 9.855 T6 = 1411.21 H6 = 351,83 HGS6 = 33.923 HE
1 PT = 94855 T7 = 1411.21 H7 = 351.83 HWGT = 33.,23 |4
P8 = 9.855 T8 = 1411,21 H8 = 351.83 BLNOZ = O. K
V9 = 1606062 TS9 = 1210.68 HS9 = 298,68 HG8 = 33.923 {4
)
i P24 = 19.802 T24 = 663.35 H24 = 158.63 b
. P26 = 19.604 Y26 = 663.35 H26 = 158,63 | g
P27 = 19.604 T27 = 663.35 H27 = 158463 WG2T = 664667 3;
P28 = 19.604 T28 = 663,35 H28 = 158463 HG28 = 664667 ;0
V29 = 1538.46 TS29 = 460,06 HS29 = 109.90 Py
FAR41 = 0,01770 FAR51 = 0.01770 FARS6 = 0.01770 .-
FART = 0.01770 FAR8 = 0.01770 FAR27 = 0. [ ¥
HY = 17407.3 HVT = 16444.6 HV2T =  =0.0 H
CV = 0.98500 V9 = 1606.62 V29 = 153846 3
: FM/HA = 24.846 THG9 = 164940 THG29 = 31.878 ;Z
! ETAP = 0.66216 ETATHM= 0.36181 ETAD = 0.23958 3
SFCU = 0.85489 FG = 4881.7 FN = 24B4.6 I
THIS PROGRAM WAS DEVELOPED BY FUTILITY AIRCRAFT, UNINC. i
COMPONENTS BRANCH TURBINE ENGINE DIVISION ;
U.Se AIR FORCE AERU PROPULSION LABORATORY
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AFAPL-TR-68-38

SDATA

SINPUT ALTP=60000.3AM=2.64PRES=14,696,HAENG=800.4BPR=1.7,
CV=0,985,0PD=0,017;0PFH=0,0015yPRFT=2,74PRFH=2.55,
PRC=3+14ETAFT=0.86yETAFH=0.849ETAC=0,86,ETATH=0.904ETATL=0.90,
T4=266045T27=2960.yDPE=0,024 ETAB=0.985,
ETABFD=0.88,PCBLC=0.055,PCBLT4=0.035yPCBLIh: D02,
DPR=0,02,DPBFD=0,06,ITITLE=1yIDBURN=1$

TURBOFAN = DUCY-BURNER

SEQF
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AFAPL-~TR-68-88

TURBUFAN -

ALTP = 60000,
bHELTO = 0.
dlexT = Ue LCSL =
PCBLOY= V. PCBLUB=
PCBLC = 0.055G0 PCBLT4=
PRUA = T7.8%3 BPR =
ORFT = 2.7000 ETAFT =
PREH = 243500 ETHFH =
PRLP = 1.0060 ETALP =
PRC = 3,100 ETAC =
DPL = 0,017G0 DPFE =
PRESSURES IN LBS/SO ILCH
P 1 = 1 .’0"’0 T 1 =
P2 = 17.806 72 =
P21 = 45.404 T2l =
P21L = 45.3%6
P2L = 45%.336 T22 =
$22 = 4503306
P3 = 1404542 T3 =
¥4 = 137.731 T4 =
DPB = U.0200 ETAd =
P6} = }137.731 T4l =
Ps = 56.65% T5 =
PRTH = 2.4309 ETaTk =
P31 = 56.659 Tl =
S5 = T 183 T55 =
PRTL = T.887TT ETATL =
P56 = T.183 7156 =
P6 = 7.040 T6 =
e = T.040 TV =
P8 = 7.040 T8 =
vy = 2640 .87 7159 =
P24 = 48,0715 T24 =
P26 = 47.258 T26 =
pai = 44,4272 T27 =
* % D/ F % ETABFD=
P23 = 44,422 T28 =
V29 = 4982.69 T52¢ =
FARGL = 0.01518 FARSL =
FART = 0.,01487 FARS =
HY = 16950.8 V7 =
cv = 0.9850L0 V9 =
FdZUp = 53,289
ETAP = 0.685061
SECU = 1.74998

THIS PRUGRA-

COMPONENTS SRANCH

UeSe AIR FURCE AERU BRUPULSIUW

sy
tTAR

O.

O

0.03500
1.700

0.86000
024600
1.00000
0.86000
0.001350

389,97
$14.09
123160

123160

172364
2660.00
0.98500
2625.87
2184627
0920000
21715 .59
1393433
(90000
13¢3.33
1593.33
1593433
1393.33
435455

121?5.51
1249.51
29560.09
)« £8000
2960.00
1214459

0.01437
0.UL487
16‘.“0{&06
264087

THEY

DUCT-GURNMER

2.6000
D.83854

HCS5L =
PCHLINZ=
PCiLHP=
HAEMG =

WAZL
Ha2l
HAZ2Z
VA3
BPC

wonotgon

H2
H2
721

H2¢

H3
B4
Farg
K4l
HbH
Pt
H51
H55
N2k
EL 6
H6
KT
H8
HSS

Womowbowwounhwuwwonn

H24
H26
H27
DPEFV
R¥4:)
HS29

non it n

Fnk56
FAR27
Hv27
ves

304852

ETATHI= 0.57501
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i tt . s
SR HPEXT = Vs LesL = 0. ECSL = 0. lg
G PCoLOY= O, PCBLUBE O, PCBLNE= 0, 4 -1
R FCBLE = 0504000  PCBLTS4=0,02460° PCBLHPE 0.015000  PC-LLP= 0.00L00 :
‘£ : PROA = 135209 BPR = 1,600 VAERG = 170.00. j
. t . F
o PRET = 202000 ETAFT = 0.86006 HA24 = 104,615 MA26 = 1044616 b
e PREH = 241000 ETAFH = 0984000: WA21 = 65.385  3LLCSL= 0 J
(I PRLP = 1,7000 ETALP = D.87000- VA22 = 65,385 BLICSL= 0. 1
i g PRC = 337000 ETAC = D.R6000 HAZ = 62,769
< : DPD. = 0,03000 DPFH = Q. DRBe = 0. !
' PRESSURES Iit 15S/S0 LiCH
Pl = 144432 T1 = 316,89 Kl = 123449 ‘
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P2IL = 54,167 , "
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] P4 = 333,856 T4 = 2460,00 H4 = 649406 WG4 = 63.576 b
: DPE = -0.0200 ETAB. = 0.$8000 FARG = 0.6176%4 wF& = 1.,1069 .
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{ PRTH = 2,3407 ETATH = 05900000 DPT = C. .
; P51 = 142:646 TSL = 2028,06 HS1 = 522.88  HLHP £ 0.981 ;A
i P55 = 38,075 155 = 1516421 H55 = 379492 MG5L = 6k.426 .
4 PRTL = 3.7465 ETATL = 6.$1000 DPE = 0.02000 .
i P56 = 38.075 T56 = 1516.08 H56 = 379,88 8BLLP =  0.068 o
i PO = 37.313 Te = 1516.08 H6 = 379,88 UGS6 = 660492 : ﬁ
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; ; . 3
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* % D/B % % ETARFDE QJBH000 DPAFL 2 0,08000 UF2T = 4.7611 ;
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VZE = 3464,72 TS29 S 2434.50 HS29 = 653,66
H
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SFCU = 2.353¢1 F6 = 16009,z ki = 1241447 3
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